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MANUFACTURE OF SUGAR IN TABLETS. 


Tue refining of raw sugar has, within a few months, 


undergone a certain trans- 


and are pressed against each other by wooden wedges, 
that extend to the bottom of the trundle. The vehicle 
thus loaded is placed under the boiling apparatus in 


order to receive the saccharine material, whieh fills all 
the moulds by passing throngh the apertures in the 
transverse partitions. 


The whole is left to cool for a 
few hours, and until ecrystal- 
lization and hardening of the 





formation, the object of 
whieh is to adapt the final 
product to the taste of the 
eonsumer. The conical form 
of loaf sugar, as well known, 
does not favor its being cut 
up into regular pieces. Saw- 
ing and breaking are accom- 
panied with a waste whose 
value is far from being trivial. 
Moreover, the crust welts 
slowly and with difficulty. 
An endeavor has been made 
to obtain refined sugar in a 
form that shall permit of the 
sawing and breaking of it 
without causing much waste. 
The researches have been es- 
pecially directed toward the 
partitioning of the turbines 
employed in the turbining of 
the boiled masses. here 
have already been obtained 
(in Germany especially), in 
this direction, certain results 
for the direct preparation of 
sugar in tablets, that they 
may afterward be cut up into 
small pieces. But this pro- 
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mass has taken place. The 
trundle is then opened, and 
the moulds are emptied by 
means of a solid plate that is 
slid between the parts of the 
spring and the “peer perfo- 
rated partition. he moulds 
are then ready to be placed 
in a centrifugal apparatus, 
wherein the operation of re- 
fining is finished. 

This apparatus (Pig. 3) con- 
sists of an iron plate dram, 
A, provided with an internal 
crown, B, which forms with 
itan annular space, which is 
divided into six or eight com- 
partments for the reception 
of the moulds. Wedges 
and tightening apparatus, E. 
keep these moulds vertical 
and firmly in place. A mov- 
able cap, C, covers the appa- 
ratus and is closed with a 
bolt. In the center of the 
dram there is an equilibrium 
regulator, of which the disks 
move around a shaft, H, that 
receives its motion at the bot- 








cess is objectionable in that, 
in order to overcome the diffi- 
culty of emptying the moulds, 
there has been given to the 
tablets a trapezoidal form in 
which sawing and breaking 
produce pieces that are not 
exactly like one another and are difficult to 
pack. Mr. H. Vivien has succeeded in obtain- 
ing products of great purity and of a very 
regular shape. His process consists in running 
the boiled mass (obtained by concentration in 
avacuum and the boiling of sirup in grains) 
into special moulds that permit of obtaining 
tablets having the form of a perfect parallelo- 
ipedon. As the opposite faces are consequent- 
y parallel with each other, there can be no 
loss in sawing, such as occurs with sugar in 
loaves. The thickness of the tablet corresponds 
to the length of the piece sawed, and can 
be of any dimensions desired. The mould 
devised (and receutly improved) by Mr. Vivien 
consists of two parallel galvanized steel 
plates (Fig. 2). bent at right angles at one of 
their extremities, so that they can be riveted 
to a flat iron bottom. At the top the plates 
are provided with an open spring formed of 
two flexible, curved pieces. One of these is 
provided with a clasp that serves to unite the 
two parts of the spring, and, consequently, 
during the work, to keep the sides at the 
proper distance apart for obtaining parallelo- 
pipedon-shaped tablets. Upon throwing back 
the clasp, the sides of the mould, by reason of 
their elasticity, tend to recede from each other. 
and permit the tablets to be easily removed. At 
the center and top, the sides 
are provided internally with 
horizontal ribs designed to 
support partitions separated 
by a strip of metal at the 
eeuter, and grooved at the 
sidés. In this way the parti- 
tions enter or leave the mould 
by sliding. In their faces 
there are channels, in which 
slide separable steel plates, 
placed vertically. The mould 
is thus divided into four com- 
partments, that permit of ob- 
taining the same number of 
tabiets of sugar that are per- 
fectly regular. 

The manipulations relative 
to the running of the saccha- 
rine material into the moulds 
are effected in a special iron 
plate trundle (Fig. 1), three of 
the sides of which are as- 
sembled by angle irons so as 
to render them hermetical. 
he fourth side is movable, 
and is provided with a manenu- 
Yering handle. This gate is 
in front of the _ vehicle. 
When closed, it is pressed 
against a bearing of rubber 

eld in a groove formed in 
the edges of the box. Bind- 
ing screws, whose nuts are 
Jointed to curved supports, 
make this joint tight. 

The moulds are arranged 
side by side, in rows, sepa- 
rated from each other by 
movable galvanized iron 
plates provided with handles, 


Fie. 1.—Wagon for Carryivg Moulds. 
four tablets, taken apart ; ©, 
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Fie. 3.—CENTRIFUGAL APPARATUS. 


Fie. 4.—INSTALLATION OF SUGAR REFINING APPARATUS AT BARBERY. 


Fie. 2.—Tablet Moulds: A, mould for two tablets; B, mould for 
mould for two tablets, empty ; D, E, tablets entire and sawed into cubes. 


tom through an intermediate 
transmission and a pulley, I, 
keyed tothe shaft. The lat- 
ter is provided with a steel 
pivot wounted in a swivel 
step bearing. Throngh the 
action of rotation, the disks are moved in such 
a way as to bring the center of gravity into the 
axis of the turbine and prevent the shaking 
due to an inequality in the charge of the tab- 
lets. 

Upon the drum being given a sufficiently 
rapid revolution, the sirup that surrounds the 
crystals of sugar is expelled through the cen- 
trifugal force developed, traverses perforated 
bronze plates, D, placed symmetrically in the 
drum, rises above the edge of the drum, runs 
into the receptacle, F, and then into reservoirs 
to await ulterior operations. This firet opera- 
tion performed, the apparatus is stopped in 
order to effect the first clarification in the 
drum by the introduction, through piping ar- 
ranged for the purpose, of somé yellow sugar 
sirup into the annular part in which the moulds 
are inclosed. This sirnp impregnates the sugar 
contained in the latter. After a lapse of about 
eight or ten minutes, a cock at the bottom of 
the drum is opened in order to allow of the 
outflow of the small amount of non-absorbed 
sirup into a conduit that leads it to the sirup 
reservoir. The turbine is set in operation 
again in order to expel the sirup, and then the 
moulds are taken out and placed in a small 
box situated near each turbine, and in which a 
second clarification is effected with white su- 
gar sirup. The moulds are 
afterward put back into the 
apparatus, wherein the opera- 
tion of refining is finished. 

The arrangement adopted 
permits of the products be- 
ing allowed to remain in the 
white sugar sirup for nearly 
av hour, if it is desired, with- 
out delaying the work in any 
way. ‘The saccharine wass is 
thas foreedly and regularly 
impregnated with the satu- 
rated solution of sugar, and 
the purification of it by 
centrifugal force is rapidly 
effected. This —— is im- 
portant, especially when we 
are working cane sugars or 
those of low titration, which 
give products that are more 
or less pure and colored. Mr. 
Vivien’s improved mould is 
particularly advantageous in 
that it permits of obtaining 
tablets of sugar of slight 
thickness that can thus be 
cut up, not only into the regu- 
lar pieces of the form known 
to the French consumer, but 
also into the small cubes that 
are now demanded for export, 
especially in England. 

Oar refiners will certain) 
be able to appreciate the ad- 
vantages that are offered by 
this essentially Fréneh pro- 
cess of refining, which per- 
mits of rapidly obtaining tab- 
lets that it is only necessa! 
to carry to the stove and al- 
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low to remain for a few hours in order to finish the 
desiccation. The daily production of one turbine may 
reach 8,000 kilogramwes. he rendering in sugar per 
100 kilograinmes of boiled and turbinated material is 


from 70 to 72 per cent., and the rendering in regular | on 


of chloride of zine, way be said now to be the sole 
systems that prevail in Germany. 

| Iu France | was able to get accurately at the eco- 
t 





somical results which had been obtained. There are 
the French railroads in round numbers 94,000,000 of 


pieces derived from the sawed and broken tablets is | ties ; these have been renewed for the past ten years at 


about 80 per cent., while with ordinary loaves of sugar 
searcely 60 per cent. is exceeded. 

If need be, the sugar can be sold in entire tablets, 
D (Pig. 2), but it is preferable to cut it up with a cireu- 
lar saw into slices, and then to reduce these with a 
breaking machine into regular pieces, which are de- 
livered to the trade arranged in wooden cases or card- 
board boxes. 

It is of interest to sum up the advantages offered by 
the manufacture of sugar such as we have just de- 
scribed. In addition to the very convenient form of the 
cubical pieces and the rapidity of manufacture, we find 
a notable saving in wanual labor and in clarifying ma- 
terial, with an increase in rendering. Finally, as the 
refining is more rapid, there is less material in course of 
manufacture, and this leads to a reduction of capital 
and of insurance premiums.—La Nature. 





PRESERVATIVE TREATMENT OF TIMBER 
By OCTAVE CHANUTR. 


Wuar follows is a report nearly in full, given in the 
Railroad Gazette, of a lecture lately delivered by Mr. 
Octave Chanute, C.B., before the stadents of the Rens- 
seluer Polytechnic Lostitute 

I shall endeavor to interest you this evening by 
talking to you on a subject concerning which little 
has yet been done in this country, but which in my 
judgment is destined to have a considerable applica- 
tion—I mean the artificial preparation of wood to pre- 
vent its decay. wr 

The prices of railroad ties, for instance, are lower 
now, in 1890, than they were in 1882. Nevertheless, we 
are consuming at present at least twice the quantity of 
wood and twice the quantity of timber which is pro- 
duced in the ordinary growth of our forests, and tim- 
ber is sure to rise, 





the rate of 4,000,000 a year, or 4°2 per cent., at a cost of 
$2,800,000, or 70 cents each. If they had not been pre- 
pared, it is known from the consumption which had 
obtained prior to ten years ago that the railroads 
would require 10,000,000 of ties per year to maintain 
their tracks, say 10°6 per cent., which, untreated, would 
cost $6,800,000, or 68 cents each. Hence the economy 
would be $4,000,000, less, however, a charge of 25 cents 
each for preparing the 4,000,000 treated, making thus a 
net gain of $3,000,006 a year by preserving these ties 
against decay. 

I have made a caleulation of what the results would 
be in the United States on the same basis. There are, 
as reported to the Departwent of Agriculture in 1890, 
515,892,918 ties in the tracks of our railroads; the re- 
pairs aunually require 60,034,647 ties, or 11°6 per cent. 
per year. On the French basis of 4°2 per cent. per 
year there would be needed instead of the 60,000,000 
buat 21,672,000 ties a year, so that there would be a sav- 
Ing, if we accomplished the same resulte, of 38,362,647 
ties a year, These at 35 cents apiece—which | con- 
sider a very low price—obtained by assuming that 
some roads get their ties still cheaper, gives a sum of 
$13,426,926, from which, however, we :ust deduct the 
cost of preparing the 27,672,000 ties at 25 cents, waking 
$5,418,000, and giving a net annual economy of $8,008, - 
026. This economy it is now in the power of the 
American railroads to accomplish, and when they 
realize it, and are well assured of success, it is quite 
certain that they will resort to those methods which 
have proved successful in Europe, and that they will 
call upon engineers to design, build, and operate va- 
rious wood preserving works. 

I found that some experiments were being tried oc- 
casionally abroad with other substances, but that the 
field had been gone over so thoroughly that there is 





It is certain that economy must be | be better or even as good as the old. 


but little hope of finding any new substance which will 
I had heard be- 


practiced, and that which is likely to be introduced | fore leaving home of the experiments of a gentleman 


first is the resorting to artificial means to lengthen | in 


its life. 


Impressed with these views in 1880, the American | ties. 


Rome, who had been treating some ties with 
arsenic, and when I was in Rome I[ investigated these 
They had been laid ten years, and | found that 


Society of Civil Engineers appointed a committee to| the results were not any better than those that had 
report on the best methods of preserving wood against | been obtained with other mineral salts. 


deeay. That committee spent five years in the in- 


vestigation, and it reported in 1885 in a pamphlet, | try 


which attracted considerable attention at the time, 


Sowe new experiments are being tried in this coun- 
I may mention notably that of * valeanizing ” 
wood by inclosing it in iron cylinders, subjecting it to 


and which it is hoped will lead eventually to economi-| a heat from 400 to 600 degrees at a pressure of 200 lb. 


eal results in this country. I had the honor of being a 


| 


to the square inch, and thus, as it is claimed, partly 


member of that committee, became very much inter- | distilling the sap which is in the wood and transform- 


ested in the subject, and I have since made it a busi-|inug it into various antiseptics; but my judgment is 


ness to promote the artificial preparation of wood, and 
to do what missionary work | could toward inducing 
the railroads and other timber consumers of this coun- 
try to adoptsome of the methods which have proved 
a sueceess in Europe. When I visited Europe last year 
I took pains to investigate what is being done there, 
the results that had been accomplished, the various 
methods which had been tried, and the economy that 
had been obtained, The present object in giving you 
this lecture is, first, to give you the data which have 
been gathered since that report to the Society of Civil 
Engineers, and, secondly, to indicate to you which are 
the best methods to follow in preserving wood, and 
what is the difference between good and bad work. 





The preservatives that have been used have all of | 


them been chemical in their nature; they have acted 
as antiseptics in preventing the fermentation of the 
sap and decay of the wood. 
been experimented with. The French writer 
Paulet, in his work on the preservation of timber, 
ives no less than 173 different methods which had 
been proposed by various persous for the preservation 
of wood. Of all those, however, which have been ex- 
perimented with in the last one hundred years, only 
four substances seem to have stood the test of time, 
viz., chioride of zine, sulphate of copper, corrosive 
sublimate, and creosote, These four substances, it way 
be said, are practically the only ones that are now be- 


ing used, and of these but two are used on a large} 


scale—creosote aud chloride of zine. 
In Europe the question of economy has long since 
been settled 


whether a railway is to resort to wood preservation or | use. 
A manager | prise the largest consumption of wood in this country. 


not. It resorts to it as a matter of course. 


Various substances have | 


that, although the process is a good one to season the 
wood, it will not be found sufficient to preserve it per- 
manently against decay, because all testimony goes to 
show that the germs of decay must be poisoned to pre- 
vent the fermentation of the sap and the eventual de- 
cay and destraction of the wood. ‘ 

Of one thing we are certain, that the conditions of 
deeay are four in number: First, there must be moist- 
ure, and that moisture must not amount to total im- 
mersion, for if the timber is entirely submerged in 
water it will not decay. Second, there must be access 
to oxygen for fermentation to take place. Third, the 
temperature must be between 32 degrees and 150 
degrees ; below freezing point no decay takes place; 
above 150 degrees no fermentation takes place. Fourth, 
there must be present the germs of decay, aud they 
must be aetive; if they are poisoned by one of the 
mineral salts or by creosote, the decay does not take 
place. It is also known, and that you will find 
pretty broadly set forth in the report to the American 
Society of Civil Eugineers, that the particular process 
to be selected depends upon the intended subsequent 
exposure of the wood. If the situation be salt water 
or very wet, creosote is undoubtedly the proper sub- 
stance to use. If it be a wooden bridge or a fence, it 
is probable that the best results would be obtained by 
the use of corrosive sublimate. If the exposure is that 
of a telegraph pole, it may be said that the French 
still use sulphate of copper; but if the exposure is to 
be that of a railroad tie, the experience of the Ger- 
manus and in the United States seems to point to chlo- 


There is no longer any question as to) ride of zine or burnettizing as the proper method to 


The requirements for ties, ax you know, com- 


who does not avail himself of it is looked upon-as!* It has been proposed to substitute metal, and there 


neglecting his duties toward his stockholders. In the 
United States timber has hitherto been so very cheap 
that it did not pay to preserve it. It was better to let 
it decay and renew it with new timber, because, unless 
the work is well doue, it is nearly useless, and it can- 
not be well done without incurring some increased 
cost, The advancing price of timber, however, has re- 
versed that condition of affairs, so that the time has 
now come when in many sections of the United States 
it will aot only pay to preserve timber against decay, 
but pay very handsomely, and better than many other 
railroad improvements. Hence the only requisite to 
get it adopted on a large seale is to persuade the 
managers that success is certain if they use the right 
methods and do the work thoroughly well. — 

I will explain hereafter that the time has not yet 
come in this country when we can resort to aateliie 
ties with good economy, and that until we can pro- 
cure metal in this country as cheaply as in England or 
France the wooden tie will continue to be cheaper. 
In England, indeed, I found last summer that although 
they had experimented very largely with metallic ties, 
the preference was now given to wooden ties creosoted. 
These are obtained from the Baltic ports, and are inva- 
riably creosoted before being laid on the English rail- 
ways. In France | found that every tie was prepared 
artificially to resist decay, and that the principal sub- 
stance used was creosote. It is injected in two ways: 
first, in creosoting proper, that is, by giving the heated 
timber a bath of creosote oil, and, second, by the 
Blythe process, in which the vapors of creosote and 
steam are injected into the timber. | found the pro- 
cess of injecting sulphate of copper had been practi- 
eally abandoned for ties and is now used only for tele- 
graph poles, 

In Germany I found that all the various p 
had been gradually giving way to two, and that 
creosoting and burnettizing, or the use of creosote and 


is no doubt in my mind that the time will come within 
a generation when the tracks of our railroads will be 
largely laid with metallic ties. At present, however, 
it has been found that in order to have a tie strong 
enough to resist the wear it must be made so thick and 
heavy that it cannot be pat down for less than $2.50 
each. If the money for this be borrowed at5 percent., 
then the annual interest charged upon the tirst cost will 
amount to i24¢ cents a year, which is more than the 
present cost of the unprepared wooden ties. Thus an 
oak tie will cost about 70 vents and will last about seven 
years. It costs, therefore, about seven cents a year a 
tie, as against 124¢ cents interest on the metallic tie. 
And again, if we use a hemlock tie, which would cost un- 
prepared 35 cents, and can be chemically prepared for 
20 cents more, waking 55 cents, it will then last about 12 
years, waking its cost 4°5 cents a year a tie, or a good 
deal less than either the oak tie or the interest upon the 
metallic tie. It is clear, therefore, in my mind that 
present econowy in this country is going to lie in the 
preparation of the inferior and cheaper kinds of wood. 
A selection, therefore, should be made of those which 
are most open grained, so as to receive a large dose 
of the chemicals used, and which are at the same time 
hard, so that they shall not be cat and pounded to 
pieces by the foot of the rail. 

You will find, if any of you ever engage in this busi- 
ness, that the principal difficulties you will have to 
contend with will bein consequence of the difference 
between the various kinds and qualities of wood, and 
that you will have to make many experiments in order 
to ascertain which wood is best for a particular pur- 

, and what is the best mode of treating it. hus 
have a record before me of a number of experiments 
which I have made. One set was made in July, 1886, 
with a lot of hemlock ties, which had been cut for two 








ears, which were treated at the works of the Union 
acific Railway at Laramie. There were two lots of 35 


ties each. They were weighed before they were 
charged in the cylinder, and again atter they came 
out, the difference in their weight indicating the 
amount of solution which they had absorbed. That 
tie which increased the least in weight weighed 13 per 
cent. more when it came out than when it went jn, 
that tie that increased the most yaimed 80 per cent, 
These ties ranged all the way between these limits, 
Here there was a lot of timber ties whicu had been cut 
at the same time from the same forest, seasoned in the 
same way, which showed such a differenee in the char- 
acter of the wood as to absorb all the way from 13 to 
80 per cent. of its weight. Again, recently a similar ex- 
perimeut was made for the Illinois Central Railroad at 
Chieago with the zine tannin process. The Illinois 
Central managers wanted to know whether timber 
growing along the line of its road would properly take 
the treatment, so they sent a number of ties of various 
kinds of wood. There were four ties of pin oak which 
took from 8°6 to 12°3 per cent. of their weight of solu- 
tion ; there were four ties of red oak which took from 
13 to 21 per cent. of their weight ; there were four ties 
of black oak which took from 15 to 21 per cent.; there 
were four water oak, which took from 17,to 40 per cent.; 
there were two beech ties which took from 9 to 10 per 
cent. only, while the French beech, asa rule, takes 28 
per cent. There were two ties of sweet gum which 
took 4 to 5 per cent. only, while there was a maple tie 
which took 5744 per cent. of its weight ; two black gum 
ties which took 30 and 40 per cent. respectively; two cy- 
press absorbing 48 per cent., and one red elm which took 
45 per cent., while two hickory ties which took but from 
3°7 per cent, to 5°7 per cent., etc. So that you see that 
there is an enormous difference in the receptivity of the 
various woods, and that in order to do good work it is 
necessary to ascertain which woods will accept the 
treatment best. 

It is also necessary to promote their receptivity so 
as to put them in the best condition. First, by cutting 
them at such time of the year when they will contain 
the least sap. It is for that reason that railroad ties in 
the North are purchased in the winter ; there is then 
less sap and larger space in the sap cells for the recep- 
tion of the chemicals which are to be injected. There 
is a different practice to that in the extreme South, 
where itis found best to cut some varieties of wood in 
the simmer, and the reason given, therefore, is that in 
consequence of the drought of that time of the year 
there is less sapin the wood. Moreover, in order to in- 
ject the chemicals properly, the timber should be sea- 
soned, the moisture needs to be evaporated, so that the 
voids in the sap cells shall be the greatest possible. 
The French have tried a great many experiments, and 
I have some before me. Thus with elm they found that 
when it was fresh cut it would absorb 26 per cent. of 
its weight of solution, but when it was well seasoned it 
will absorb 69 per cent. Beech, when fresh, will only 
absorb 21 per cent., and whén seasoned it will absorb 
47 per cent. of its weight. The French poplar will ab- 
sorb 27 per cent. when green and 59 percent. when sea- 
soned. So it is evident that in order to inject the 
chemicals properly, trees should be cut at the right 
time and then should be properly seasoned. 

The process which seems to be best adapted for ties 
in this country is that which uses chloride of zine. It 
has been found by the Germans that it needs of this 
salt one-quarter of 1 per cent. of the weight of the wood 
when dry in order to effect an actual preservation. We 
are in the habit at the works with which Iam connect- 
ed of injecting twice that quantity, because of the dif- 
ference found to exist between the individual trees, 
some absorbing more than others, and so, in order to 
make sure that there shall be a quarter of 1 per ceut., 
one-half of 1 percent. of the weight of the wood of the 
salt is injected. The important factor, as I have said, 
is to have the wood in the right condition. 

It has been found by experience that the proper rate 
of absorption varies with the different antiseptics. For 
creosote ties it requires 10 lb. to the cubie foot, which 
amounts to 833 Ib. per thousand feet of board measure, 
but for preservation against the teredo from 15 to 19 Ib. 
to the cubie foot should be injected. For sulphate of 
copper French specitications require that the solution 
should be 2 per cent. strong, and that the amount of 
salt injected should be 0°34 of a pound per cubic foot. 
For chloride of zine the solution should be 1 to 2°5 per 
cent. strong, and the quantity absorbed should be 0:26 
ib. to the cubie foot, or 21 lb. per thousand. For cor- 
rosive sublimate there should be about 0°06 Ib. per 
eubie foot, but that minute quantity is such that 
if the wood is exposed to woisture the salt will 
wash out more than the other salts which I have men- 
tioned. 

One difficulty is that there is no method of testing 
whether the work is thoroughly well done except with 
the use of rs ape 7 of copper. In that case a solution 
of ferrocyanide cf potassium, applied with a brush to 
the timber, indicates by the resulting discoloration the 
amount of copper absorbed. For the other substances 
the only method is chemical analysis or that of gauging 
at the works the quantity which is being injected by 
reading the indicators at the tanks; and I can best ex- 
plain how that is done by describing the operation as 
*rformed with chloride of zine at the works in Chicago. 
he timber treated there is hemlock, which has been 
eut generally from one to six months when itarrives at 
the works. 

The works consist of two cylinders 111 ft. long and 
6 ft. in diameter, in which a track is laid ; on this swall 
cars run which are loaded with the ties. Thirteen cars 
go in the cylinders, carrying from 350 to 400 ties. After 
these are inserted the doors are hermetically sealed by 
being pressed hard on a rubber gasket which is laid 
into the flange against which the door closes. Then 
steam is admitted to the inside of the cylinder, and it 
takes 30 minutes to obtain a pressure of 18 lb. to the 
squareinch. Beyond that pressure it is not best to go, 
because if greater heat is applied the fiber of the wood 
is injured, and it has been found that not much more 
than 18 lb. is safe to work with. Then steam pressure 
is then maintained for a period of three hours, the re- 
sult being to gradually wamn up the wood and liquefy 
the sap, so as to put it in such a condition that it is 
most readily extracted by the next operation. That 
consists of blowing off the steam and then working 4 
vacuum pump in order to reduce the pressure, when 
the heated air which is inside of the sap cells of the 
wood expands and drives out a considerable quantity of 








sap ; this fallsinto the bottom of the cylinder and is 
pumped out. At that stage of the operation there is a 
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decided swell of vegetation coming from the sap, the 

object of all this being to open the pores of the wood 

and to make a place where the preservative solution 

may be injec Then the valves are opened and the 

reserving solation is admitted, this occupying about 
minutes. 


30 i wood immediately drinks up a quantity of this 
solution, but that absorption gradually slows up an 
then pressure is put on, carried to 100 Ib. to the square 
inch, and that pressure is kept up by a few strokes of 
the pump, as absorption proceeds, fora period of three 
hours. ‘I'hen theehloride solution is expelled from the 
eylinder by pumping in air at the top, and it is thus 
foreed back into the tanks. This occupies 20 minutes, 
at the end of which time a second solution of tannin is 
admitted, this occupying 15 minutes. Then pressure 
is put on the solation of tannin for the space of two 
ours. 

' The reason of this second injection is this: The first 
solution of chlorideof zincismixed with asmall quantity 
of glue, and that glue coming in contact with the second 
solution of tannin produces small pellicles of artificial 
leather, which act as diaphragms for the sap tabes, and 
thus prevent the zine from being washed out. That is 
the theory, at any rate, and the experience in the last 
five or six years seems to substantiate it. The exact 
value of this process, however, will be better known 
tive or six years hence than it is now. After the tannin 
solution is foreed back, which occupies 20 minutes, the 
cylinder is then opened and is discharged in 20 minutes, 
the whole treatment occupying 12 hours ; the 400 ties 
mentioned absorbing generally about a galion and a 
half of solation to the cabie foot. 

The quantity absorbed is obtained as follows : 

Each cylinder is accurately gauged with 13 empty 
cars in it, and by reading the gauges on the solution 
tab at the lowest point reached, just before the sarplus 
solution is foreed back out of the cylinder and also after 
it is all foreed back, the displacement of each load 
is ascertained, and thus the number of cubic feet of ties 
in the cylinder is known. 

The solution tank being also gauged by observin 
the reading both before and after each ran, the to 
eubie feet of solution absorbed by the charge is 
also ascertained, and the strength being known, it 
is easy to compute the amount of pure chloride ab-| 
sorbed. 

We find in Chicago that there are great differences 


it from rusting. In that way, upou inspection, the 
year in which the tie was prepared is at once seen, 
and the decay and wear is accurately known. 

It is very important in laying» these preserved ties 
that the roadbed should be well drained, so that moist- 
ure shall not accumulate about the wood to promote 
the beginning of decay. It has been found, however, 


d|as reported in the last bulletin of the Department of 


Agriculture, that in endeavoring to drain the road- 
bed thoroughly we may encounter another danger— 
the tie is cut and pounded by the rail when laid on 
rigid rock ballast, so that it is destroyed by abrasion 
instead of being destroyed by decay. All these points 
naturally will come up and have to be studied, and | 
trust that such of you as may hereafter be intrusted 
with the doing of such work will ascertain more fully 
than I have done, all the various conditions of success, 
and will be enabled to do still better work than that 
which is now being carried on in this country. 


MECHANICAL MATURING OF SPIRITS. 


THIs is an apparatus for maturing spirits by sub- 
jecting them to the action of com air, the 
spirits, while being matured, being kept in continuous 
circulation in a highly subdivided state. The object is 
to produce the oxidation of the essential oils in the 
spirits, and to promote their conversion into their 
ethers. 

The systew consists of a closed cylindrical vessel or 
vessels, A, having a perforated partition, B, and a low- 
er — of wire gauze, C. This vessel is charged 

ith the liquor to be treated, and cowpressed air, after 
being filtered through water, is admitted by a suitable 
pipe. The taps having been closed, the liquor is, by 
means of rotary pumps, D D, on the shaft, E, taken 
from the bottom by pipes, L, and forced into the top 
of the vessel by the pipes, M, and is kept in constant 
cireulation, passing down through the perforated par- 
tition, B, in the form of a fine shower. When it fails 
on the gauze partition, U, it is broken up into spray, 
each portion of which is acted upon by the compressed 
air. The compressed air rises through a pipe, K, and 
collects in the top of the cylinder above the liquor, 








between various cargoes of ties as they arrive. These 
come by lake from different points on the lakes, and 
they are found to absorb different quantities of soln- 
tion, so that whenever a new cargo comes in, iis condi-| 
tion is ascertained by experiment and then the strength | 
of the solation is gauged, so that at all times about the 
same quantity of metallic salt shall be injected. It is 
also found that there is a great difference in the condi- 
tion of the wood between the various months. Those 
ties which arrive in the early part of the year require 
a stronger solution than those that arrive in the fall. | 
The latter absorb the solution more readily, and the | 
solution way then be weakened with advantage ; for | 
the weaker the solution, provided the necessary quan- 
tity of the salt be injected, the better is the result. So 
chauges are constantly made in the strength of the so- 
lution in order to inject uniform quantities of chloride 
of zine. 

The desirable thing, if it could be done, would be to 
inject a metallic salt in solution with petroleum oil or | 
some similar substance which would repel moisture. | 
investigated at the time of preparing the report to the 
American Society of Civil Engiueers the effect of ap- 
plying petroleum to wood. [| found that when wood 
was constantly saturated by petroleum, it proved an | 
effective preservative, but that petroleum is so volatile 
that if the wood was merely injected once, and no more 
was applied, the petroleam would evaporate ; if a solu- 
tion could be injected consisting of chloride of zine or 
of mereary with petroleum, the mineral salt would then 
poison the germs of decay, while the petroleum would 
prevent the intrusion of moisture, and probably bet- 
ter results could be had than with any antiseptic 
except creosote, which latter is unfortunately quite 
expensive, 

That brings me to tell you the cost of these various 
treatments. The cost of treatment with bichloride of 
mercury has been about 10 cents per tieon the Eastern 
Railroad of Massachusetts, but that did not provide for 
a sufficiently strong injection to do much good, so that 
the road, after working the process for five or six years, 
abandoned it upon finding that they did not get their 
money’s worth. The cost of treatment with sulphate 
of copper would be about 24 cents per tie. It has been 
used to a very small extent in this country ; it has not 
succeeded and it is not recommended. The cost of 
treatment by chloride of zine is about 20 cents per tie. 
It can be done in different localities from 18 to 20 cents 
atie, while the cost of treatment with creosote, which 
is the method used in France and England, if well 
done, would be about .60 cents a tie. 

I may explain that, in this country, the normal price 
of creosote is eight cents a gallon, while in England it 
it but four cents, there being a greater demand for coal 
tar for roofing purposes in this country than in Eng- 
land. so that when the wood-preserving works want a 
supply they have not always obtained it athome. The 
supply of creosote is, moreover, growing less every 
year, by reason of the diminishing quantity of coal used 
for making gas and by the substitution therefor of 
water gas, which is charged with some product of 
naphtha as an illuminant. Therefore, while the creo- 
sote process, as an independent proposition, is the best 
'n use, itis not the most economical. It will proba- 
bly lengthen the life of a wooden tie to about 20 years 
at a cost of 60 cents, while at a cost of 20 cents we can 
lengthen the life of the same tie with chloride of zine 
to 12 or 16 years. Therefore, so long as timber is so 
cheap in this country, it will be preferable to use the 
cheaper preservative. 

Care should be taken after the ties are prepared to 
allow them to dry before they are laid. They should 
be piled up about two or three months, so that the 
moisture tay be evaporated from them and leave only 
the preservative substance in the wood, so that it shall 
be in the best condition to resist a fresh intrusion of 
toistuare. 

_They can be marked for record in one or two ways, 
either by stamping an indentation at the end, or, as 
the Germans do, by driving in a nail with the year 
of its preparation in raised letters on its head, which 








vail is galvanized or dipped in zine in order to prevent 
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so as not to interfere with the steady flow of the 
shower, and a slight cireulation of the air is thas also 
effected. 

At the end of the process the liquor is run into casks 
from the taps, X X, and the air remaining is allowed 
to eseape by the cocks, I. 


The liquor ean be supplied either direct from barrels is given similar to that of a carpenter's plane. 


barking of the cork may be effected when the plant has 
acquired sufficient strength to resist the operation, and 
the time chosen for this operation isin the summer. 
The cork of the first barking is called corcho bornéo, 
bornizo or virgin, and is not fit for waking corks. The 
cork taken after the first barking is called pelas, or 
secondary cork. The method employed in Spain for 
this operation consists in the total barking of the 
trunk, and not partial barking. or barking one part of 
the year and the remainder three, four, or five years 
later. In proportion as the cork is taken from the tree 
it is removed and piled up in heaps. Sometimes the 
cork is cooked in the woods, but at other times this 
operation is effected in the caldrons that exist in the 
cork factory. The slabs remain in boiling water dur- 
ing the space of one hour, this operation causing an in- 
crease of thickness (enerally of one-fourth to one-fifth), 
elasticity of the cork, and dissolution of tannin and 
other substances. The caldrons in which the cork is 
boiled are of copper, and are either cylindrical or rect- 
angular. The boiling of the cork can also be effected 
by steam, for which purpose it is introduced into a 
wooden box lined on the inside with copper or zine, 
which is filled with water and steam injected therein. 
The steaming of cork sometimes hardens it and wakes 
it brittle. he loss of weight produced by boiling the 
cork varies between twelve and forty per cent. In 
making corks it is necessary to take away the hard 
crust or raspa, for which purpose a tool is used with a 
short handie and curved blade, called doladera, ras- 
pador, or raspeta. A workwan can scrape from two to 
three square weters of cork daily, and the loss in 
weight of the cork by metas is from twenty to thirty 
percent. Scraping machines are also used, two sys- 
tems being employed, the Besson and Tousseau. he 
former, propelled by steam, consists principally of 
horizontal spindles, supplied with comb-like teeth, 
and turning with yreat velocity, at the rate of nine 
hundred revolutions a minute. 

The Tousseau scraper attacks the Gork by the means 
of a vertical iron shaft, carrying several knives, whose 
edges are also vertical, aud by the rotary movement 
of the shaft, giving fourteen hundred turns a minute, 
work like a brush. This machine is simpler than the 
Besson, and the slabs suffer less damage when worked 
by inexperienced workmen. Before cutting the slabs 
in strips they are cooked for about half an hour, so as 
| to facilitate the cutting, and piled up soon after in a 
damp place, se as to preserve the softness until ready 
to operate upon. The slabs are divided into three 
strips (rebanadas), the width of which is equal to the 
length of the corks, and in such a way that if the cork 
be placed in the position occupied by the slab on the 
tree, they would have their fibers running alike. The 
workmen obtain or cut the strips by means of a knife 
with flat surface and curved odie, called cuechilla de 
rebanar. The strips are then made into squares by 
means of the euchilda. They then have the edges cur, 
and thus prepared they are ready to be made into 
corks. This and the preceding operation are the most 
difficult of the cork industry, requiring great intelli 
gence if the slabs and strips are to be cut to the best 
advantage. In the manufacture of the corks, the 
squares made into octagons first pass into the hands of 
the workman, who is furnished with a knife composed 
of two pieces, one of them similar to an ordinary 
knife and the other a blade the edge of which fits into 
the first. Consul Schenck says that only by seeing is it 
| possible to form an idea of the rapidity with which these 

men take hold of a square and from it make a cork— 
| they hold the knife by a small iron catch to the table 
in front of them, and giving to the square a circular 
| movement, the result is that the cork is made in a few 
| seeonds. The squares are usually boiled for about a 
| quarter of an hour, they are then deposited in a cool 
ame and four or five days after they are sorted and 
ept damp until required. The amount which the 
workwen receive for cutting 1,000 corks varies from 
0°75 to 4 pesetas, according to the kind of workwen 
(the peseta is equivalent to about 94d.) Different 
systems of cancbineny are employed to make corks. 
and all consist, at the base, of a knife, the blade of 
which is placed horizontally, joined generally to a piece 

| of wood, and to which a back and forward oo gee 
Dn 





or casks, as is the case in the plant shown, or reservoirs | moving, the knife turns the square cork, which being 


may be used as shown at F, connected at a given level | attacked by the knife takes o 


a strip of cork, more or 


by pipes, G, and filled by a rotary pump, H. The Me-| jess thick, according to the distance fromthe axle of 
chanical Spirit Maturing Apparatus Company claim | the cork and the edge of the knife. If these are parallel, 


that by this method they can, in twenty-four hours, 
effect similar results upon spirits which are otherwise 
only brought about by keeping them in casks for ten 
years.—Industries. 


THE CORK INDUSTRY IN SPAIN. 


THE cork tree is found in Spain in great abundance in 
the provinces of Gerona, Carcerres, and Andalusia, espe- 
cially in the provinces of Huelvas, Seville, and Cadiz, 
and, although in less quantity, in the provinces of 
Ciudad Real, Malaga, Cordoba, Toledo and some others. 
The United States consul at Bareelona says that, ac- 
cording toa calculation made by the administration of 
forests, the extent of cork forests in Spain is about 
255.000 hectares (hectare = 2°47 acres) distributed as 
follows : 80,000 in the province of Gerona, 45.000 in 
Huelvas, 32,500 in Carcerres, 28.000 in Seville. 20,000 in 
Cadiz, 11.500 in Ciudad Real, and 9.500 in Cordoba. In 
the localities exposed tothe north the cork is better 
than in those exposed to the south, and it is seldom 
found in caleareous soil, preferring always that of the 
feldspar, this being found principally in the province of 
Gerona. It grows and develops in ground of very 
little depth, and sometimes in very stony ground. 
The leaves of the cork tree are oval oblong or elongated 
oval, frequently toothed. and the teeth jagged ; length, 
from three to five centimeters, and width from one 
and A half totwo. The rootsare strong, and spread 
considerably, and are frequently to be seen on the sur- 
face of the ground. It sometimes happens that the 
portion of root exposed to the air produces cork, while 
that which is buried produces scarcely any. The most 
common practice is to cultivate the plant by sowing, 
which is frequently done, especially in ground some- 
what mapured, making alternate farrows with vines. 
Up to their twentieth or twenty-fifth year the ground is 
cultivated as if it were a vineyard, rooting up at that 
age the vines on account of producing less fruit, and 
also on account of the cork trees being fairly grown up, 
and no longer requiring the shelter of the vines. The 


the result is the cork is cylindrical, and if itis not, it 
becomes conical. 

The corkmakeror workwan has a large barket or 
séVeral of them in which he places the corks according 
to size or quality, but this first classification is not suf- 
ficient, and the corks are placed upon a table, the back 
part of which is farnished with boxes the front part of 
which are open to the operator. - To classify the corks 
according to size, they also employ wooden boxes, the 
bottoms of which can be taken out or put in, having a 
kind of grating of wood somewhat resembling Venetian 
blinds. The boxes are suspended by ropes to the ceil- 
ing, and the workman gives ita swing backward and 
forward, by which the smaller corks drop out at the 
bottom. 

With this apparatus worked by one man, 100,000 
corks are clasel fled for their size in oneday. The corks 
are washed in a solution of oxalic acid or binoxalate of 
potash. As soon as washed they are placed out to dry 
gradually iu the shade, in order to enable them toretain 
the silky gloss which the cork has when it is damp 
For packing, 30,000 corks constitute what is called a 
bale. For South Awerica and Oceania, bales consist- 
ing of 5,000 to 10,000 corks are made, and for England 
the sacks or bales are wade to contain 100 gross or 
14,400 corks for those of the larger size, and 150 gross 
for those of swaller dimensions. The greatest number 
of corks are wanufactured in the province of Gerona, 
and the most important towns engaged in the industry 
are San Filieu de Guixols, Palafrugell, and Cassa de la 
Selva. The number of workmen engaged in the cork 
industry in Spain is said to be not lees than 12,000. 


A GAS meter is being introduced in England which 
it is ho will tend to increased consumption among 
those who are afraid of being cheated by an-ordinary 
meter, whose workings they do not understand. Upon 
the insertion of a shilling the supply is obtained, and 
on the exhaustion of this supply the gas is cut off. 
Premature cutting off of the gas can be prevented by 





av examination of the dial, which registers in pence. 
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[From Tux Enorverr, Lowvon.) 4,320 cubie Saat The ene opeetet in patting this — cantetey : circulating cnafnan, 7, —_ as 

. > . 2 +» | great body of water into the boilers is over 57 horse | the electric lighting engines, were made essere, 

THE WHITE STAR STEAMER TEUTONIC. power, allowing nothing for friction in pipes or losses | Tangyes, of Birmingham. Small as the clrealating en- 
It will not be without interest if we give here a few | of any kind. he feed pumps really absorb about 120| gines appear to be in this great vessel, out of it they 
facts and figures, which will help to convey to our|indicated horse power. The total feed water for one| would be considered of fair size, big enough, for 
readers some idea of the gigantic scale on which the! day of twenty-four hours amounts to 103,680 cubie feet, | example, to deal with the pumping out ofa retty 
processes of combustion, evaporation, and condensa-| which would fill a cubical tank 47 ft. on the side. Such | large graving dock. In the Teutonic the duty of these 
tion, and the performance of work are carried on in|a tank would hold 6,500,000 gallons; this would be an/| circulating engines is of the first importance. They 
the Teutonic and the Majestic. The only diffeulty we| ample daily supply for a town of 26,000 inhabitants, | must run constantly when the main engines are mov- 
have lies in selecting standards of measurement which | giving every person twenty-five gallons per day. ing, they must be started before the wain engines and 
can be readily grasped by the mind. To convert this water into steain about 13°5 tons of | must be kept running during all temporary stoppages, 
The engines of the Teutonic indicate about 17,000! coal are burned every hour, or in round numbers 320|in order that the great condensers way be kept cool, 
horse power, sometimes, of course, a little less, some- ‘tons a day. Wedo not put these tigures forward as'and ready to deal with the immense volumes of steam 
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STEAMSHIP TEUTONIC—STARBOARD ENGINE ROOM, LOOKING APT FROM STOKEHOLD DOOR. 


times a little more; therefore as the power is faiely | official, but they are not far from the truth. This| which are discharged from the low pressure cylinders 

equally divided among thesix cylinders, each regarded | means that on a trip to America the Teutonic burns | of the main engines, 
as a distinet engine indicates nearly 2.839 horse power. | all the coal that six trains of thirty-two wagonseach| The weight of steam to be condensed may, as we 
The energy transmitted to each crank shaft is 8,500|can carry. The 13%¢ tons of coal need for their com-| have said, be taken roughly at 120 tons per hour. * 
horse power. It is far more easy to talk of 17,000 horse | bustion not less than 270 tonsof air. Assuming that | quantity which gives some idea of the important pait 
power than it is to realize what its development in-| this air before it enters the fans has a temperature of | which surface condensation has played in the progress 
volves. The boilers of the Teutonic have to produce| about 80°, it will weigh, omitting fractions,.7 1b. per | of steam navigation. About 26,000 gallons of water are 
about 120 tons of steam per hour, with an absolute | 100 cubic feet. The 270 tons represent, then, 8,640,000; made into steam ata pressure of 180 1b. per square 
pressure of 195 lb., the safety valve load being 180 1b. | cubic feet, which would fill a cubical tank 206 ft. on | inch, and reconverted into waterevery hour. Toeffect 
on the square inch. Of course the feed pumps have to|the side. To raise this air from 80° to 180°, as is done| this condensation about 4,000 tons of sea water are 
deliver 120 tons of water into the boilers against this |in the heating apparatus we have described, represents | passed through the tubes of the surface condensers 
ressure every hour. The feed water required for one | about 5,800 theoretical horse power, and a large por-|every hour. This duty is effected by Messrs. Tangye®’ 
nour would fill a cubical tank nearly 164¢ ft. long, | tion of this may be regarded as clear gain, being obtain- | circulating pumps, and it may be interesting to state 
broad, and deep ; for at 36 ft. to the ton 120 tons means |ed for nothing. In other words, if the air were deliv- | that the amount of water dealt with on the round trip 
ienentipmenteaine | ered cold to the furnaces instead of hot, some 20 tons | between Liverpool and New York is over 1,000,000 tons 
* Continued from SuPPLEMENT, No, 788, page 12587. of coal extra would be required per day, '—enough to fill a reservoir about a mile long, a quarter 
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of a wile wide, and 6 ft. deep; and that if the water 
were fresh, the daily quantity would suffice for a city 
of 700,000 inhabitants. 

The advantage of having so much pumping power 
on board of large steamers is, we fear, not so much ap- 
preciated as it ought to be. Circulating pumps are 
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engines, can be brought to bear on a large body of 
water in any of the principal holds of the ship. Cases, 
of course, may oceur when the circulating pumps 
themselves are crippled, as in the unprecedented acci- 
dent to the machinery of the City of Paris; still, the 
fact should be kept well in view that on board our 


STEAMSHIP TEUTONIC—STARBOARD ENGINE ROOM—LINK MOTION, MEDIUM CYLINDER. 


almost always provided with pipe connections to the 
bilges, or to the double bottoms; but, so far as we 
know, practice is not made in bilge pumping so fre- 
quently or to such an extent as to give the engineers 
thorough confidence in the powers of the circulating 
pumps for the purpose in time of disaster. In the 
Teutonic, however, the bilge connections to the circu- 
lating pumps are good. In each engine room there is 
a bilge suction pipe, commonly called the bilge injec- 
tion, of the full size of the centrifugal pump pipes—20 
in. diameter; there are besides two 12 in. bilge pipes 
running through the engine and boiler rooms and con- 
nected with the holds, so that all the auxiliary bilge 
pumps, and the four bilge pumps worked by the main 


largest Atlantic and Pacific steamers there is pumping 
power equal to discharging from the vessel over 4,000 
tons of water per hour. 

The following are the principal dimensions of these 
circulating pumping engines as fitted on the Teutonic: 
Two centrifugal pumps, each with disks or impellers 5 
ft. diameter, with suction and delivery pipes 20 in. dia- 
meter. For each pump two vertical compound engines 
are provided, each with cylinders 8 in. and 15 in. dia- 
meter, 14 in. stroke, one engine being amply large to 
perform the full duty, even when “-_ water 25 ft. 
high from the bottom of the vessel. The unusually 
large diameter of the disk enables the work of circu- 
lating to be done at the very moderate speed of 85 to 
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95 revolutions per minute when the main engines are 
working full speed, while the very liberal proportions 
and surfaces which have been adopted throughout 
give good security for proper working and durability. 
The engines are fully equipped with continuous oiling 
arrangewents, and all the minor fittings usually found 
in first class work. 

The enormous distances traversed by the pistons of 
warine engines is never realized ; at all events we have 
never seen any statewent of the facts in print. It 
suffices to give the speed in feet per minute; but no 
one stops to consider what this implies. In the Teu- 
tonic the stroke is 5 ft., and the average revolutions 78 
per minute. Each piston, therefore, traverses 780 ft. 
per minute, or 46,800 ft. per hour, and 1,123,200 ft. per 
day, or in six days uot less than 1,275 miles—in other 
words, wore than one-third as many miles as the ship 
steams, The aggregate distance traversed by the three 
pistons is 7,650 miles, or about two and a baif times the 
distance run by the ship. This is pretty well, consider- 
ing that the piston rings are rubbing all the time. The 
length of the ring in the low pressure pistons is 347°57 
in., or 28 ft. 94¢ in,, so that there is a good deal of sur- 
face to take the wear, but it is not, under the circum- 
stances, remarkable that cylinders should wear and 
require re-boring. The slipper guides, too, are not 
spared, each slipper passing over the same distance 
as each piston, 

Referring the whole power to the low pressure cylin- 
der of each engine, a very simple calculation suffices to 
show that an average effective pressure of, in round 
numbers, 80 lb. per square inch would develop 8,500 
horse power. Phe work is pretty evenly divided 
among the three cylinders. Consequently the average 
total effective pressure on each piston is about 42 tons. 
But the initial pressures are, of course, very much in 
excess, Thus the initial pressure in the high pressure 
cylinder is about 180 lb. absolute, which, even if we 
allow 50 |b. absolute for the receiver back pressure, 
means 130 lb. per square inch on a piston area of 1,520 
in., giving a total of nearly 90 tons at the beginning of 
each stroke, and it is for such efforts as these that all 
the parts have to be designed. 

When the ship is crossing the Atlantic she will move 
at a speed of about 2,000 ft. per minute. Assuming 
that the engines and propellers have an unusually high 
efficiency, about 10, horse power out -of the 17,000 
indicated will reappear at the thrust bearings. A very 
simple calculation suffices to show that the effort on 
each thrust bearing will be about 364¢ tons, or 73 tons 
for the two. There are in the two screws 216 ft. of 
blade area ; consequently, on each square foot the wa- 
ter must exert a thrust of 756 Ib., or 5°25 lb. per square 
inch. Those of our readers who are interested in pro- 
peller calculations can from this data work out the 
weight of water that snust be propelled sternward. 
The pitch is 28 ft. 6 in.; this gives, at 78 revolutions 
per minute, an advance of 2,223 ft. in the same time ; 
this a about 11 per cent. slip, which is decidedly 
small. 

The electric lighting engines, of which there are 
four—two in each dynamo room—have cylinders 8 in. 
and 16 in. diameter, 10 in. stroke, arranged to work 
with steam of 180 lb. pressure, and to run at 200 revo- 
lutions per minute. he rather crowded appearance 
of the fittings on the top of the cylinders is caused by 
the special steam!pipe arrangements, whereby steam of 
80 lb. pressure from the donkey boiler may be admitted 
to both high pressure and low pressure cylinders, that 
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they may work as two simple engines when the main | lamps, and four Crompton compound-wound slow- 
to the base plates, provided 
with Messrs, Tangyes’ engines and driven direct at 
Two dynamos are placed 
tings and oiling arrangements have all been tho-! in each dynamo room, and each dynamo is capable of 


boilers are not in use. Full power can thus be ob 
tained from the engines when the ship is in dock. 
The slide valves are of the piston type, the.small fit 








speed dynamos, fitted 


200 revolutions per winute. 





STEAMSHIP TEUTONIC—EI 


SITES REE or eee 


STEAMSHIP TEUTONIC—STARBOARD 


STEAMSHIP TEUTONIC—UGiIVING AN EXTRA 
roughly worked out, and, compared with their size. 
these engines are probably the most substantial ever | 
put into a ship for electrie lighting purposes. 

The whole of the electrical work was carried out by 
the Liverpool Electric Supply Company. Limited, the 
installation consisting of about 1,600 16-candle power 


sECTRIC 


ELECTRICAL 





LIGHT ENGINES 





ENGINE ROOM, LOOKING APT. 


\ i 1 . 
BALH) WRHHU 
ee 


= ~ 


TURN TO THE NUTS OF MAIN BEARINGS. 
The lamps are divided into 11 


supplying 400 lamps. = 
so arranger 1a 


cirenits, and the switchboards are 


any cireuit can be supplied at will for any one of 


the four dynamwos. The switchboards are fitted with 
pilot lamps, ammeter and voltmeter and wain switches 
for each dyname and circuit. In.the saloons and state 











rooms the incandescent lamps are mounted in gilt and 

silvered foliated holders of simple and effective design, 
and form part of the decoration of the ceilings. In 
the passages and elsewhere the lamps are mounted on 
substantial brackets and pendants, and are protected 
with globes and well glasses. 

in the stoke holds strong portable lanterns are used 
with flexible conducting cables. Special distributing 
cut-outs are provided by means of which the temporary 
disconnection of any lamps does not affect the rest of 
the lighting. 

Four cargo lanterns with strong copper reflectors, 
and each containing ten 50 candle power lamps, are 
arranged for use at each hatchway. 


QUICK FIRING 4°7-INCH GUNS OF THE STEAMSHIP 
TRUTONIC. 


The armament of the Teutonic, which is only to be 
mounted when the vessel is utilized as an armed mer- 
eantile cruiser far active service against the enemy, 
consists of twelve quick-firing 4°7-in. steel guns, throw- 
ing projectiles of 45 lb. weight. Four of these weapons 
were actually in battery upon the deck of the Teutonic 
when she took part in the naval pageant of 1889. 

This heavy quick-firing gun was one of three, having 
various calibers, which were designed by the firm of 
Sir William Armstrong, Mitchell & Co., about two 
years ago. The three sizes were 4°7in., 5°5 in., and 
|6 in. respectively. The smaller of the three was rapid- 
ly adopted for use in the British navy, and the more it 
is experimented with, the wore satisfactory does it 
prove to be. Already it has been decid upon as 
forniing the armament of most of our light cruisers : 
and, interspersed with heavier weapons, it is to be 
mounted for broadside purposes in auxiliary batteries 
on ironclads. The 6-in. gun is also at present being ex- 
| perimented with, and will probably be largely employ- 
|ed in vessels now under construction. 

The gun is fired by electricity, or by percussion ar- 
rangement, In the base of the cartridge case is screwed 
|an electric primer—in the first case—against which an 

insulated steel pin, carried in the axis of the breech 
block, presses. This pin is in communication with the 
electric wires which carry the current to fire the primer, 
only when the breech block is closed, and secured by 
turning the lever downward against the rear of the 
block. The circuit is closed and the charge fired by 
pulling the trigger of —s handle. In case of the 
failure of the electrical firing gear the gun is also fitted 
with a percussion lock ; the electric primer in the base 
of the cartridge is replaced by a percussion primer of 
| the same form, and the steel pin, which in the former 
| case supplied the electrical contact, now serves as a fir- 
ing needle. The percussion firing gear also has a safety 
|appliance to prevent the charge being fired till the 
| breech is closed and locked. So accidental discharge 
is rendered almost impossible. 
| The action on firing is as follows: The gun slides 
| back within the rocking slide, the recoil being trans- 
mitted by the arm tothe recoil press, where it is ab- 
sorbed; the spring in the second cylinder is at the same 
time compressed. As soon as the recoil is absorbed the 
spring begins to act, and pushes the gun back, along 
the rocking slide, to its first position. The elevation 
and depression of the gun require very little power, as 
the gun and slide are accurately balanced on their 
trunnion bearings. A shoulder crutch and a pistol trig- 
ger are provided, and the piece can be handled by a 
single man. , 
| Inthe earlier trials with the 4°7-in. gun a cartridge 
| was employed with projectile and charge all in one, 
| whole being inclosed in a solid drawn brass case, and 
| weighing about 70 Ib. It has, however, been found 
impracticable to adhere to the ‘* cartridge” arrange- 
ment, and the charge and projectile have been separat- 
ed. The ammunition for the 4°7-in. quick firing guns 
of the Trafalgar was treated in a similar manner, the 
70 lb. cartridge being cumbrous and unwieldy. It is 
now in contemplation to use “ cordite,” if possibie, 
with the large quick firers. Their usefulness at present 
is, of course, considerably handicapped by the volume 
of smoke which generates in and around the battery 
during rapid firing. The use of ‘‘cordite” would ob- 
viate this difficulty. 

Very striking results have been obtained by practice 
with this gun. The following may be taken as average 
figures: With a charge of 12 lb. of Chilworth smoke- 
less powder, and a 45 |b. projectile, a muzzle velocity of 
2,250 ft. per second was arrived at, producing an energy 
of 1,580 foot tons, and effecting a penetration into 
wrought iron plate of 10-7 in. The rapidity of fire was 
twelve rounds per winute. Such a weapon would, of 
course, at a supreme mowent, pour a veritable deluge 
of 45 lb. projectiles upon an enemy’s vessel long before 
| it could possibly get out of range, while a 5-in. or 6-in 








ordinary steel breeeh loader could only get off, if splen- 
| didly served, about two shots in the course of a minute. 
| The following table shows a comparison of the results 
| of firing with the service 5-in. breech loader and the 
4°7-in. Armstrong quick firer : 














: 
| Weight | Rate of | Weight | | netra 
| of pro- fire. of Muzzle | Energy |tion into 

jectile. Rounds ; Charge | velocity | foot Plate, 
Ib. per min, Ib. | per sec, | tons, inches. 
— SS — 
47-in. Quick F 
(Elswick)... 45 12 2s. | 2,250 | 1,580 | 10°7 
5-in, Breech L. } 
(service)... 50 2 I6p. | 1,750 | 1,000 } 82 








8. smokeless powder. Pp pebble powder, 


Henee the application of this rapid firing gun for the 
armament of our mercantile cruisers cannot be too 
highly commended. Armed with four or six of these 
weapons, the Teutonic could show a clean pair of 





| heels to the swiftest cruiser of any of the navies of 
; Europe, after pouring in a destructive fire with such 
rapidity as to complete the transaction before her un- 


| expecting enemy had time to beat to quarters. 


In 
petes of fact, she would bear down upon the foe, pelt 
tim with her iron hail, and steam away before a single 
ordinary broadside gun could be served against her. She 
might, it is true, be hulled - a chance shot at long 
range, but her buoyancy would not be seriously affect- 
ed by an injury of this nature. The Sultan was hulled 
@ great wany times at Alexandria in 1882 upon uD 
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—— 
armored portions of ber sides, but without any detri- 
ment to the vessel. We only regret that the system 
of subsidizing and arming mercantile cruisers has not 
been more extensively developed. It is a most econo- 


mical and valuable feature. 


THE REFRIGERATING MACHINERY OF THE STEAM- 

SHIP TEUTONIC. 

g machinery on board the Teutonic, 
as well as that on board the sister ship Majestic, is on 
the Linde system, and was supplied by the Linde Brit- 
ish Refrigeration Company, limited, of Queen Victoria 
Street, E. C., and Lower Shadwell, E. It is used for 
refrigerating the insulated meat holds, and also for the 
passengers’ provision rooms, There are two meat holds 
of a total net capacity of about 40,000 cubic feet, and 
each bold is provided with distinet refrigerating appa- 
ratus ; though the arrangements are such as to permit 
of either refrigerator working on either hold or indeed 
ove refrigerator on both holds. The wachinery is 
' below the holds between the screw tunnels, the 
space being Very harrow, so that it was necessary to 
adopt a somewhat special arrangement and to use two 
separate achines instead of the duplex type which is 
now generally preferred. In the Linde system cold is 
produced by the evaporation under comparatively low 
pressure of liquid anhydrous ammonia, a liquid which 
possesses a boiling point at atmospheric pressure of 
about 3744 deg. below zero Fah. The low evaporating 
pressure is produced and maintained by a small pump, 
which draws off the vapor as quickly as it is produced, 
and then compresses and discharges it into a vessel, 
termed the coudenser, in which the ammonia vapor is 
condensed and rendered fit for use again in the refri- 
gerator or evaporator. 

The ammonia condenser consists of a series of 
wrought iron coils, each in one long length of tabe, so 
as to avoid inaccessible joints. These coils are attached 
to one of the end covers of the bed frame, so that when’ 
required they can be readily drawn out for examination 
by merely removing the nuts of the bolts or studs fixing 
the cover. When the machine is in operation, cold 
water is circulated around the coils by means of a pump 


The refrigeratin 


places 


Corliss agreed to take for his pay a percentage of this 
saving for so many years, and so successful were they 
that this percentage paid the value of the engines 
many times. But Corliss was not to have the field alone, 
for different styles of engines sprang up on all sides em- 
bodying the principle of automatic cut off but accom- 
plishing it in a different manner, but none equal to the 
original. These are, wany of them, made to-day, bat 
with the expiration of the Corliss patents, firms all 
over the country began to build Corliss engines—essen- 
tially the sawe, and differing only in minor details. 
But the other builders kept on in the old path, and 
we have difference in styles without the merit, sim- 
ply on a business basis, and because steam users do 
not know that there can be any difference. Every 
one of you, no doubt, has had wen who did not know, 
say, ‘** What is the difference? An engine is an engine 
anyway, isn’t it’” Every one of you knows that an 
ordinary slide valve engine will not give the results a 
Corliss engine will, yet hundreds of slide valve engines 
are built every year. The engineer must take things 
as he finds them. But what he should do is to 
know what the best results are, and make the engine 
he has approach as near that ideal as he can. 

To understand the question more clearly we will take 
the indicator card asa basis to work from. This in- 
strument records simply the pressure in the cylinder 
at all points in the stroke. The height of the differ- 
ent lines above this straight atmospheric line, G, H, 
indicates the pressure upon the piston ; the upper line, 
the pressure propelling the piston ; the lower line, the 
pressure opposing it. The line, A, B, is the admission 
line; steam being admitted at the end of the stroke 
forees the pencil toa height equal to the pressure in 
the cylinder. The piston begins to move, and so does 
the drum in the indicator, and if the same pressure is 


c 





so as to carry off the heat given up by the ammonia in 
passing from the vaporous to the liquid state. In each | 
machine, a jet condenser with an air pump is pro- | 
vided for getting rid of the exhaust steam from the 
engine, but as a rule this is not used, as on the voyage 
the steam is exhausted into one of the surface condens- 
ers connected with the other machinery. 

The refrigerators in which the liquid ammonia is 
evaporated consist of series of wrought iron tubes, 
wound in such a manner as to get the largest amount 
of surface into the smallest amount of space. There 
are two sets of coils, one to each machine, but one of 
the sets is again divided into two in order that the re- 
frigeration of the passengers’ provision rooms can be 
carried on independently of the meat holds. They are 
below the meat holds, and are well insulated with 
wood and chareoal, in order to prevent the passage of 
heat from the machine room, which, owing to its posi- 
tion, becomes extremely hot in warm weather. The 
holds and provision rooms are cooled by means of cur- 
rents of cold air produced by Blackman nropellers, 
driven by independent steam engines. These fans draw 
the air from the holds and pass it over the coils in 
which the liquid ammonia is being evaporated. In this 
way the air is made to supply the heat required to 
evaporate the ammonia, and in so doing it becomes 
cooled to an extent which depends upon the quantity 
of air circulated. In actual practice about tep degrees 
isa very usual reduction. The air is circulated toand 
from the holds by wood trunks in the usual way. 

The chief advantage claimed for the Linde refriger- 
ating system is the great economy of fuel, which is 
stated to be only about one-fifth of that required with | 
the ordinary cold air machine ; while the first cost is 
somewhat less, and the space occupied about the same. 
In some cases the holds are cooled by means of pipes 
through which brine, cooled to low temperature in the 
refrigerator, is circulated by means of apump. In both 
cases the economy is the same, and the air is quite dry 
and free from snow. | 





THE REQUIREMENTS OF A PERFECT 
VALVE.* 

IN deciding upon the order in which these lectures 
should be given, it has oceurred to me that there are 
two ways that might be followed, First, to take the or- 
dinary valves as they are found in everyday practice 
aud to tell how toset them, and to point out their 
most vulnerable points as I have found them in my own 
practice ; and second, to take, first, what it is a valve 
should do ; what is required of it for the most econom- 
ical use of steam, and then to show by this basis how 
near the different valves approach this standard ; and 
in addition to show how the valves may be set for 
the best results. I have chosen the latter course, be- 
cause it seemed to me that if I can give you an under- 
standing of what is required of a perfect valve sys- 
tem, you may then be able to judge for yourself con- 
cerping such engines as | will not be able to touch 
upon, The plan that I have outlined therefore is this: 
First, to state the requirements of a perfect valve 
and what it should accomplish ; then to see how the 
differeut valves do accomplish it, taking first the slide 
valve in its various forms, the slide valve with riding 
cut off, the gridiron valve, the poppet valve, the Cor- 
liss valve, and miscellaneous valves, and in addition 
to answer such questions as may occur to you concern- 
ing any peculiar action of the valve gear that may come 
under your notice. | 

No doubt many of you have often thought to ~4 
quire why engine builders, or perhaps some one else, | 
did not make careful tests of all engines and settle | 
upon a standard; in other words, that engine builders | 
should build only one style of engine. One thing is| 
certain, the performances of different engines cannot | 
be alike, and if they cannot be alike, one must of ne-| 
cessity be better than another, and one type must be| 
the best. Corliss, when he introduced his automatic cut 
off engine, marked the beginning of a new era in the 
history of the steam engine. The first engines he put 
11 Were pot accepted by the manufacturer using them 
only on the basis of the saving in coal. they made. 





| 
: Lecture delivered by Thomas Hawley, at the Weils Memorial Ineti- | 
‘ute, Boston, in the Lowell Free Course for Engineers, 
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jat the same height and 
called the steam line. 
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maintained in the cylinder, the indicator pencil is held 

i the straight line, B, ©, is traced, 
At © the steam valve is closed, 
no more steam is admitted ; that steam admitted ex- 
pands as the piston moves, and as it expands its pres- 
sure decreases, the pencil falls with the decreasing 
oressure, and line, C, D, is traced, called the expansion 
ine. At D the exhaust valve opens and releases the 
steam to clear the cylinder forthe return stroke, mak- 
ing the release line, D, E. and the line E, F is the 
back-pressure line. At F the exhaust valve is closed, 
and the steam remaining in the cylinder is compressed 
by the advancing piston until the engine reaches the 
end of the stroke, when steam isagain admitted and 
the process is repeated. 

Now the ecard that [I have drawn is the theoretically 
perfect one. Steam is admitted at a point sufficiently 
early to enable full boiler pressure to be realized. It is 
maintained at this pressure. It is cut off at a point 
sufficiently early to get all the work out of it possible 
by expansion. The exhaust is full and quick ; the 
back pressure very light, and the compression to two- 
thirds initial steam pressure. This is the card thata 
perfect valve system would give, and the conditions 
stated are necessary fs: a perfect valve action, and if 


such a card is not obtained, the engineer must then in- | 


quire the reason. ; : 
A valve has four functions : To admit steam, to cut 


| off the supply, to release the steam, and to caase some 


ot it to be compressed? Buta valve may be all right 
iv itself but be surrounded by conditions that will not 
allow it to operate to the best advantage. This, too, 
must be considered in the matter. Let us take the 
first function—to admit steam. Steam should be ad- 
mitted to the eylinder before the piston reaches the end 
of the previous stroke. The amount that the valve is 
opened to admit this steam is called the lead of the 
valve, and the object of giving a valve lead is that the 
steam passages may be filled with steam at steam 
chest pressure by the time the piston is ready to move, 
and sometimes to cushion the engine on the center, 
where there is little compression. If the opening is 
delayed until the engine is on the center, the steam 
ports wust first be filled, and the piston moving away 
does not realize the fall pressure until it has moved 
some distance. Then another point is that much steam 
is lost through condensation when the steam enters 
and comes in contact with the cold surfaces, that are of 
necessity as cold as the exhaust steam that had previ- 


ously occupied the same space. This condensation | 


lowers the steam pressure, and if the steam is not ad- 
mitted sufficiently early is particularly noticeable, 


whereas with sufficient lead this action is cuangaaves | 


and full pressure realized before the movement of the 
piston commences. There are engineers, however, who 
claim that a valve should not be given lead, but on 
the contrary the valve should be opened after the en- 
gine has passed the center. The claim is that steam 
being admitted, too great a strain is brought on the 
crank pin and bearings, and because the steam pres- 
sure cannot be utilized, no rotating foree is obtained. 
This is working much on the same line that there is 
loss of*power in the use of a crank, a fallacy that every 
engineer knows has not the slightest ground to 
stand upon. Some men seem to think that because of 
the position of the crenk and connecting rod the power 
exerted on the piston is not fully given to the crank pin 
except when the crank and connecting rod, are at right 
angles to each other, because it does not so readily tend 
to produce rotation. These men forget that force and 
power are two different things, that power is simply 
the product of force and distance. The force exerted 
on acrank pin is not uniform because of the difference 
in leverage between crank and connecting rod ; but as 
the crank pin moves faster in proportion as the force is 
less, there is no loss of power, then, in the use ofa 


|erank. and on this ground no reason for allowing the 
| steam to be admitted late to the cylinder and thus los- 


ing the advantage of a high initial pressure of the 
steam. The best practice is to give a valve some lead. 
But there is no gain by using it as a cushion. Lead 


will pepese on the indicator card by the position of the 
admission line, A, B. If the valie has the proper 
amount of lead, this line will be slightly inclined from 
the card: If the valve opens exactly on the center, this 
line will be perpendicular; and if there is negative 
lead, ¢. e., the valve is late opening after the engine is 
over the center, the ine will incline toward the card. 
But in view of the fact that ittakes some time for the 
engine to pass over the center, a little lead, or negative 
lead, is not discernible in this manner, but in this way. 
If the valve has lead, the admission line will often rise 
in a little peak, by shooting above the steam line. Then 
when the vaive is late the junction of the compression 
and admission lines, at A, will show a loop ora slight 
drop. This is caused by the steam condensing, when 
the engine is on the center, which would not occur if 
the valve was open, admitting live steam and also 
from leakage past the piston. metimes it is the case 
that ports are excessively large, but not very often, in 
which case some engineers advise a late opening, de- 
— upon the width of the opening to preserve 

iler pressure, but this does not always answer, owing 
to the great amount of initial condensation. 

We will consider, then, that the first function of our 
valve system is to open the valve before the end of the 
stroke is reached. And the next point is that this 
opening should be wide enough and quick enough to 
maintain the initial pressure. When the steam is be- 
ing admitted, the steam line, B C, is made, and if a con- 
stant pressure is maintained, this line will be straigbt. 
Our valve should give such a line, but there may be 
reasons why it should not, but instead shows a fall in 
pressure as the piston moves forward. The common 
reason for the fall in pressure is the throttling of the 
steam, either at the throttle or by steam pipes or 
ports too small, causing wire drawing. In engines 
with a throttling governor the card will always show a 
wire-drawn appearance and a fall in pressure. This is 
one of their defects, as will be explained later. But 
why should we want a high pressure maintained ? Be- 
cause of itseconomy. ‘This can be briefly stated thus: 
It is one of the detects of the use of steam as a means 
of converting the heat in coal into useful work, that 
its latent heat is so great. That is, it takes so much 
heat to do the mere work of making the steam. Weex- 
haust the steam, and this heat is allin it and goes to 
the atmosphere, and in fact the greater portion of the 
heat isin it at such time. A unit of heat is capable of 
raising the mee of a pound of water 1°, rougb- 
ly speaking. If we take a pound of water at 60°, we 
must add but 212—60 = 152°, or 152 units of heat to 
raise the water to a temperature of 212°. Now we may 
ecntinue to add more heat, and it neither raises the 
temperature of the water nor wakes itself felt until 
966 of these heat units additional have been applied, 
when the whole pound has become steam. To get the 
bare steam we have expended 152 + 966 = 1118 units 
of heat. Wego on adding heat, and we know it, for 
the pressure instantly rises. It is only the heat added 
after this point has been reached that can be used to 
do useful work. To obtain 10 pounds pressure we add 
9 more heat units, and a cubic foot will contain 74 of 
these units. To obtain 100 pounds pressure, which will 
do ten times the work of the other, we must add but 
39 more heat units, and a cubic ‘foot contains 321 of 
these units. This cubic foot at 10 pounds has cost to 
produce it 7°46 heat units per pound, while at 100 
ponnds pressure it cost but 3°2 units per pound, a sav- 
ing of over 50 percent, off hand. ;[t becomes necessary, 
therefore, that our valve system should allow us to use 
the advantages of this high pressure saving ; hence it 
should give us as near boiler pressure as it is possible 
to get and maintain it there until cut off. There are 
conditions where losses in other directions counter- 
balance the gain of high pressure, these losses forming 
one of the great economies of the compound engine, 
| but more of that hereafter. The point I wish to make 
is this, that the pressure we carry in our boiler should 
be admitted to the engine free and unfettered. Now 
what is there that will prevent it? First, a slow open- 
ing of the valve, slow despite the lead given. In such 
a case the opening is not wide enough to prevent wire- 
drawing. Or it may be the valve does not open far 
enough, although quick enough in opening. Or the 
ports may be too small. The area of a steam port 
should be such that the maximum flow will not exceed 
100 feet per second and the exhaust port 75 feet per 
second. The number of cubic feet of steam per second 
will be the area of the piston in square feet divided by 
the piston speed per second, and the area of the port 
will be the number of cubic feet as found above divided 
by 100 and qnotient wultiplied by 144. Thus, if we 
have an 18-inch cylinder and a piston speed of 600 feet 
per winute, this would represent a consumption of 
steam as follows: 








254°47 
— x 10 = 17 67 eubie feet per second, or in this 
144 
proportion fur any cut off. The steam port would 
17°67 
be ——— X 144 = 25°447 square inches. The exhaust 
100 


vort would be 25°447 + 0°75 = 33°02 square inches. 
This should be the opening of the valve for the best 
results, and this area can be spread out asin a slide 
valve or a Corliss valve, or all at one place as in a pop- 
pet valve. We will see later why it is that the area 
should be spread out, and we will settle that the valve 
must open an area based on the flow of 100 cubic feet 
of steam per second to get the best results. This will 
maintain the boiler pressure in the cylinder, provided 
it is in the steam chest. It may show a fali from boiler 
pressure in the steam chest, from insufficient size of 
pipes, from pipes with many elbows, each elbow being 
figured to cause a loss of two per cent., a great length 
of pipe, and loss from radiation from uncovered pipes. 
As to the size of pipe, it should not be of less area 
than the area of port. Pipes too small are one great 
cause of loss in pressure, and there is a loss at every 
elbow if the pipes are uncovered or a poor covering 
used. Our supply pipes. then, must be of ample size, 
short as possible, with few tarns and well covered, our 
port opening large enough and quick enough to realize 
and maintain as near boiler pressure as ible. 
Another point may be profitably referred to here, 
and that is, that with ports designed alike for each 
end, and the valve opening alike, there will be realized 
less pressure on the head end than on the crank end, 








and this shows, too, that although steam moves rapid- 
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ly, still it takes time to maintain boiler pressure. The leut off at quarter stroke, and that when cut off the | nevertheless you will, of course, understand that these 


rt opening is designed for a constant speed of piston, | nearest approach to boiler pressure should be had. It 

at it is a fact that on the head end the piston moves | is necessary, therefore, that the valve should be very 
much more rapidly than on thé crankend. When the| quick in closing, so_ the cut off point, C, should be 
piston starts from the crank end it is slow and moves| sharp and distinct. In no valve gear ever constructed 
more rapidly after mid stroke, while the contrary | has this been done. Those of you who see an indicator 
action takes place from the head end, the movement | card, with cut off such as shown, wg J conclude, with 
being first rapid, then slow. This is due to the angu- | Justice, that there was a defect in the instrument, that 
larity of the connecting rod, | the indicator piston bound somewhere and made the 

The steam line should be a straight one under the | sharp corner, when it suddenly recovered itself. Some 
best conditions, but often shows a falling off, due to| engines act quicker at this point than others, and 
wire drawing in a port opening too small, or by throt- | some are ge | rapid in their action, but hindered 
tling. There is this distinction made between wire! by conditions, all of which will be explained in the 
drawing and throttling, that wire drawing is less in-| lectures that follow, when these valves are considered 
tentional and refers more particularly to the fall in| separately. 
pressure between the steam chest and the cylinder, | Lotter the point of cut off for the expansion line, 
while the throttling is intentional, and at the throttle| C, D, I will only say: Steam expanding (according to 
valve or in the governor and is between the steam pipe| what is known as Mariotte’s law) the pressure decreases 
and steam chest. inversely as the volume. That is, if the volume oc- 

The next action of the valve is to cut off the supply | cupied by the steam is twice the original amount the 
of steam that it may do work by virtue of its expan-| pressure would be one half, and the steam at 80 pounds 
sive property. While there is a difference in pressure! pressure from vacuum (65 gauge pressure), cut off at 
between the steam on oue side of a piston and the at- quarter stroke, at half stroke, occupying twice the 
mosphere or the steam on the opposite side, work may | volume, would be 40 pounds pressure from vacuum, or 
be done by this difference. Theoretically, therefore, | 25 pounds gauge pressure. In the lectures last year to 
a valve should cut off steam at just that point that| you were shown how to. lay out the theoreticai line 
when ready to exhaust it will be at the exact pressure| that the steam would cause to be made, and I will 
as that on the opposite side of the piston. e hav~' only say that it will be changed in actual practice, fall- 
then obtained from it all the energy it contains for use ing below the true line at the start, from condensa- 
in that particular engine. This point of cut-off is/| tion, and crossing and rising above it from the iucreas- 
somewhere between one-fifth and one-quarter stroke|ed pressure caused by re-evaporation. It will follow 
at 80 pounds pressure. We may cut off steam earlier| pretty closely, however, the true line, and where the 
than this, or later, with this loss : When cut off earlier | actual and theoretic coincide, it is presumptive evi- 
its expansive force has departed before the end of | dence that everything is all right. But here the valve 
the stroke is reached, and for a portion of the time the | comes in. 
engine is running with more pressure resisting it than | It may leak, and the requirements of a perfect valve 
propelling it, and it would run backward but for the| include one that does not leak, and the requirements 
motion of the fly wheel. And when cut off later the| of a perfect engine a piston that does not leak. Yet 
these two may combine in such a way that a good ex- 
pansion line appears. A leaky valve will usually ap- 
pear by an expansion line too high, especially toward 
the end of the stroke. The difference in pressure be- 
tween the chest and cylinder immediately after cut off 
is so slight that little leakage results, but only enough 
to take the place of that condensed. But as the pres- 
sure in the cylinder is lowered, the leakage past the 
valve becomes more and more, because of the greater 
difference in pressure, and will appear by a higher 
terminal pressure. If the piston leaks, the leakage will 
be greatest at the beginning of the stroke, because of 
the difference in pressure, and less as expansion takes 
place. 

Coming to the next point, the release of the steam : 
It should be done as quickly as possible and the open- 
ing wide enough and the exhaust pipes of ample size 
to produce the smallest amount of back pressure on 
the engine. Back pressure on an engine must be over- 
come by the application of an equal amount of mean 
effective pressure on the propelling side of the piston. 
Therefore it must be paid for. One pound of back 
pressure on an engine is as much as should be found 
on any engine without a heating system to look after, 
and then two pounds should be the limit. There is 
much controversy among engineers as to whether it is 
not better to use direct steam entirely for heating and 
have no back pressure on the engine than to put the 
extra load on an engine that the back pressure really 
is. I have come across many cases where this would 
be true, but also where a gain would come from the 
extra load. In one place I found an engine (a slide 
valve) working against 30 pounds back pressure. Such 
a condition of affairs you will at once see was the ex- 
treme of wastefulness, and there was no other course 
for me to pursue in the interest of economy than to 
bring the back pressure to reasonable limits and do 


end of the stroke is reached before the steam has ex- 

nded all the force there is in it. We are thus throw- 
ng away power. This is the theoretical reasoning, 
but practically it is found that other things interfere. | 
Chief among these is the condensation that occurs | 
when the steam enters the cylinder, already refer-| 


to. 

This is greater as the difference in the initial and 
terminal pressures is greater, so that it is found by 

ractical experiment with the coal pile that if you 

ave your engine cut off between one-quarter and 
one-third stroke, the best economy is obtained. 

This condensation matter affects another departure 
from the theoretical, and that is concerning boiler 
pressure. 

I have already shown the gain in economy by use of 
high pressure steam, and you may ask : hy not 
carry as high a pressure as we can, cut off steam very 
early in the stroke and expand from this high pressure 
down to the atmosphere ? The reason is, that with the 
great difference in temperature between the live steam 
and exhaust there is caused so much condensation of 
incoming steam that more is lost in this way than is 
gained by the higher pressure and greater ratio of ex- 
pansion. 

The steam is condensed at the beginning of the 
stroke, heating the cylinder walls, and when these | 
get hotter than the expanded steam, they give up 
their heat to this steam, the water therein is to a great 
extent evaporated and becomes steam once wore, 
escaping into the air. There is a point, therefore, 
above which it is not profitable to go in a single en- 
gine, and that is between 80 and 90 pounds, depend- 
ing upon conditions, and a cut off of no less than 
one-quarter. If the load is too light, the boiler pres- 
sure is the thing to be reduced, not the cut off, and 
finding the average load of the engine, I should ad- 





builders would do with less compression at light loads 
if their valve gear would give it them, for many are 
compelled to add relief valves that will lift at the ex. 
cessive compression and relieve the pressure, usualiy 
with a loud report that is not agreeable to the engi. 
neer, and sometimes placed to the wiscredit of the 
engine by those who hear it, and, not knowing the 
cause, ascribe it to something else. 

The object of giving an engine compression is to 
form a cushion for the piston to carry it easily over the 
dead center. The piston, its rod and crosshead, must 
come to a full stop twice in every revolution and be 
started twice in each revolution from a state of rest, 
and when the speed is very high, the greater must 
the necessity for a cushion become. I have found en. 
gineers who thought there was a loss in starting and 
stopping, and it was one of the arguments advanced 
in favor of rotary engines that a great amount of 
power was required to start and stop the reciprocatin 
parts of an engine. This belief was also the ene, 
upon which was based the argument that the lighter 
the reciprocating parts of an engine, with no sacrifice 
of strength, a great saving would be wade. Aside from 
friction being greater with the heavier parts, an item 
that may safely be neglected in our consideration of 
the subject, it will make no difference whether the 
parts be light or heavy within excessive limits, nor is 
any power lost in starting and stopping at each end of 
the stroke. The energy required to start the mass is 
stored in it and is visible in its momentum. Now to 
bring these parts to a state of rest, this energy must 
be given "p to something, or the parts would go on 
moving forever. This momentum is given to the 
crank pin, as the center is approached, and does use- 
we a there in giving greater momentum to the fly 
wheel, 

In other words, the energy required to start the re- 
ciprocating parts and give them velocity appears 
again when nearing the other center, and does work 
in assisting to rotate the fly wheel by giving up 
its energy at the crank pin. Or this energy way be 
given up in part to the work of compressing the steam 
which is returned again in the expansion of this com- 
pressed steam. If the engine has no compression, the 
whole work of reversing the direction of motion of the 
reciprocating parts comes on the crank pin, and the re- 
suit is a thump that is but too often heard in engine 
rooms. 

With compression the motion is gradually and gen- 
tly taken up, and if the thump is due to this cause, will 
prove a remedy. I was in a large will in Fall River 
lately, the engine of which would tremble at the end 
of each stroke. The foundation was solid enough and 
the engine had been braced in various ways. I took 
some cards, and they showed very little compression, 
and adjusting this point, giving more compression, the 
engine ran as smoothly as one would wish. This 
trembling is seen very often in engines, and is due al- 
most entirely to insufficient compression. 

Compression should be to two-thirds initial pressure. 
Besides acting as a cushion, the compression heats the 
steam passages and prevents as much condensation of 
the incoming steam taking place as would otherwise 
occur, and fills the clearance, giving a better oppor- 
— for a realization of higher initial pressure, es- 
pecially when the valve is late in opening. You will 
understand from what I have said that there is no 
gain by compression other than comes from smooth 
running and filling the clearance, because it takes as 
much power to compress the steam as it will after- 
ward give out, and again the condensation will be as 
much in amount, but of compressed steam rather than 
live steam. For this reason some engineers can see no 
advantage in compression, but they do not consider 
the advantage of smooth running as a gain in economy 


vise engineers to fix their boiler pressure so the cut off 
ean come at quarter stroke at the average load. 

But higher pressures than 90 pounds are used in the 
compound engine. In this engine, as you very weil 
know, the steam from one cylinder passes into another 
of larger volume and doee work in that until its pres- 
sure is nearly down to that maintained by the con- 
denser. 

The compound engine is practical at low initial 
pressures, but at high pressures it is enabled to avail 
itself of the economy of high pressure and of a greater 
ratio of expansion, and besides these economies 
there is less loss from condensation. You can very 
readily see that if the expansion is divided between 
two cylinders the initial condensation will be less, be- 
cause the difference in temperature is less between the | 
incoming and exhaust steam from this cylinder. But 
this is added to by the condensation in the second 
cylinder, so that the total condensation is just the 
same as though it should all occur in one cylinder of a} 
single engine. But this fact appears, that the steam 
condensed in the first cylinder is nearly all re-evaporat- | 
ed, and instead of going to the atmosphere and wasted, 
goes into the second cylinder and does work exactly as 
though it was steam from a boiler direct. Thus the 
steam condensed and re-evaporated is not lost, and the 
loss from condensation is only that of the last cylinder, | 
the re-evaporation of which goes to and is lost in the 
condenser. 

So with the triple expansion engine. The re-evapor- 
ated steam of the first is used in the second cylinder, 
and the re-evaporation of the second in the third, and 
we use a higher boiler pressure, a greater ratio of ex- 
pangion, and only lose the re-evaporation of the low 
pressure cylinder. If this high boiler pressure was 
carried in but a simple compound, the condensation of 
the low pressure cylinder would be greater in propor- 
tion to the whole system, as the range of temperature 
in this low pressure cylinder would be greater. And 
4o we can go on increasing boiler pressures and the 
number of cylinders, and with increasing economy, so 
long as we can build engines to stand the intense ae 
and pressure, and lubricants to lubricate them, and 
boilers to generate the steam. With some minor losses, 
the condensation item will be that of the low pressure 
eylinder, as the weasure of the whole, and I would call 
vour attention to this fact, that it must be considered 
with all due weight that this saving in condensation 
by using the re-evaporation of the high pressure and 
intermediate cylinders is cne of the greatest econo- 
wies of the compound engine. 

I have diverted a little from my subject to treat of 
this matter, but the point I wished to make, and 
which led to it, was that 80 pounds is a high enough 
pressure for a single engine, and such engine should 








the heating partially by this and by direct steam. Yet 
in another case, where an engine was Gecidedly under- 
loaded, there was economy in adding to the back pres- 
sure and using it in the heating system, and thus 
throwing a load on the engine that would cause it to 
work at a more economic point. If adding back pres- 
sure for heating purposes will cause the engine to be 
overloaded, do not do it, and if no heating is done, 
then have your back pressure as little as you can. The 
valve then must open quickly to its full extent and 
stay open until ready to be closed for compression. 
And when the valves are open they should be held 
there without further movement, for to move them 
means that power is required to do it. They should 
open quickly, remain still until ready to be closed, and 
then closed as rapidly as opened. The next point, 
the compression, depends upon the time the exhaust 
valve is closed, or rather the time of exhaust closure 
depends upon the amount of compression we want. 
And in most of the valve gears in use, the motion being 
positive and the action of the valve positive, the time | pression, on the engine, and a saving in fuel the result. 
of release of the steam or exhaust opening will control | How did it happen ? he asked himself, and this is how 
the amount of ay pene or the time of release will | he reasoned it out : That as the energy given up by 
be controlled by the amount of compression, which-| the moving parts, near the center, could have so little 
ever point you may decide upon as demanding the | rotative effect, it was better to use this energy to com- 
precedence and of the most importance. From my | press steam and save in less condensation of the initial 
judgment I should recommend that the compression | steam and in filling the clearance with exhaust steam. 
be the point to fix upon as of the most importance, and It was a question of which use was the most advan- 
let the release come where it will in such engines. The tageous, and he concluded his coal pile told him to go 


or filling the clearance space with steam of a pressure 
made by the energy of the reciprocating parts. I will 
quote to you a case because it caine from one who ear- 
ed only for the practical side, as you do. He had 
charge of a large Corliss engine, in New Jersey, that 
pounded. 

He sent me a card, and among some other sugges- 
tions I recommended that he increase the compression 
as wuch as he could. Some time afterward I had a 
letter from him stating that he had increased the com- 
pression, as appeared from the card he _inclosed. 
The thump was less apparent, but still heard a little, 
but what most surprised him was that his fireman 
came in and said : ‘‘ Where have you been shutting off 
steam ?” 

He hadn’t been shutting off steam, he said. But the 
fireman insisted it was easier to keep up steam, and he 
was not burning as much coal. The same load, the 
same conditions everywhere, except increased com- 





various ways of bringing about a greater or less | on carrying a high compression. 
amount of compression in an engine will, of course, be hat is my opinion of the matter as well, so I will 
considered in connection with each engine when it | add as the last requirement of our perfect valve that it 
comes up, rather than here. Some engines it is difficult | shall shut the exhaust port at such a point that the 
to give much compression to, which certainly must be | steam may be compressed to at least two-thirds the 
regarded as a poor feature in their construction. | initial pressure. 
Others are so arranged that the compression will | 
change with every change in load, and here also it is| 
difficult to change it from what the builders have} = 
given. E illustrate two machines made by Messrs. Arbey 
But in the first named case the tendency has been to | & Fils, Paris, for forestry work. in machine is for 
give too little compression, which was erring on the | sawing down trees, and the other for cutting up logs 
wrong side, while in the latter, with changing com-|from the felled trees. In Figs. 2 and 3, which repre- 
pression, a good amount is given, sometimes to an ex- | sent the former machine, the saw, A, is attached tothe 
tent to cause compression to be to a point higher than | crosshead, B, which slides on the bars, G. The cross- 
initial pressure. The point claimed by the latter| head is fixed to the end of the piston rod, C, of a 
builders is that when the load is light the engine can | steam cylinder, D, and the motion of the piston in the 
afford to cause this compression, commencing often at| cylinder produces the vibratory motion of the saw. 
mid-stroke, and is really needed, whereas with a heavy | The cylinder is pivoted at H to the frame. F, which 
load this compression should be the least possible| carries the whole machine. At the end, K, of the 
amount that is consistent with quiet running, so as not | frame, F, a worm, L, works a segment, M, attached to 
to put this additional burden upon the engine. Such | the cylinder, and thus enables the feed to be given to 
an engine, if under your charge, you would not care to|the saw by means of the hand wheel, NA claw, P. 
alter either way, for there is never any important loss | attached to the frame, is inserted in the tree, and the 
by cowpression, and the steam compressed will = pull of the saw draws it in more tightly. The end of 
out the amount of energy it took to compress it, but the saw rests upon a piece of wood until it has got 
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irly ted, and when it is half way through the 
ane Nien are inserted so as to take off the weight. 
The alternating motion of the piston is produced in an 
ingenious manner. The steam is adwitted to the cylin- 
jer through the circular valve, E, which is controlled 
by the lever,Q. A twisted bar, R, of rectangular sec- 
tion, is capable of oscillating, in the bearings, 8, about 
an axis parallel to its length. 

The crosshead, B, is prolonged, and carries brasses, 
1. which compel it to turn about its axis and thus 
oscillate the lever, U. This lever is connected by a 
link with the lever, Q, which controls the valve. he 
action of the log sawing machine, shown in Figs. 4 and 
5, is practically the same as that just described, except 
that the saw works in a vertical instead of a horizontal 

jane—the steaw cylinder being supported upon trun- 
nions. Fig. 1 gives a general view of the two machines 
at work in the forest. The steam is supplied by a ver- 
tical boiler on wheels. The steam is conveyed from the 











cle as that used for the wheels, any one of the set will } 


run correctly with the rack. 

The diameter of the generating or deseribing circle 
which gives one of the best forms of teeth for a set of 
wheels is equal to the radius of the pitch diameter of 
a 15-tooth pinion, making a 74¢ in. ape ge circle 
for one diametrical pitch. The flanks of a 15-tooth 
pinion being radial, a 12-tooth pinion, which is the 
smallest generally used in practice, will have the flank 
of one tooth nearly parallel to that of the tooth follow- 
ing, thus allowing the space between the teeth to be 
cut with the regular year cutter. 

It was thought at the time this system was first 
brought out that its use would be very limited, as in 
the case of change gears for lathes, and where it was 
found necessary to construct a train of gear. wheels, 
but time has shown that it has nany advantages over 
other equally correct systems hot on the interchange- 
able plan, and it has been constantly growing in favor, 
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Fie. 2.—SIDE ELEVATION OF TREE FELLING MACHINE. 























Fie. 3.—PLAN, 
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Fie. 4.—SIDE ELEVATION OF LOG CUTTING MACHINE, 


























Fie. 5.—PLAN. 


IMPROVED TREE CUTTING MACHINERY. 


boiler by astrong India rubber pipe capable of stand- 
ing a pressure of seven atmospheres. Four horse power 
is required to drive this form of saw.—Jndustries. 





A NEW MODE OF WHEEL CUTTING. 


A NEW PROCESS FOR GENERATING AND CUTTING 
THE TEETH OF SPUR WHEELS.* 


By AMBROSE SWASsEY, Cleveland, Ohio, U.S. A. 


THE theory of the interchange system of gearing ac- 
cording to the solution first given by Professor Willis, 
in his treatise on the ‘*‘ Principles of Mechanism,” is 
that “in aset of wheels of the same itch, having a 
prey er generating circle for the flanks and faces of 
: ne teeth, any two wheels of the set will werk correctly 
tae 3s and as a rack is a gear so infinitely large 
: at its periphery forms a straight line, it follows that, 
if the rack teeth are also described with the same cir- 








* Paper read bef: i ' 
the Rich has en of Mechanical Engineers at 





until it is now almost universally adopted, especially 
— those using cut gearing. 

Professor Edward Sang has also solved the same 
problem in another way, by taking the rack for the 
foundation of all curves for a set of interchange gear 
wheels. In the Sang theory, instead of using a con- 
stant describing circle, the rack acts as a constant gene- 
rator, and the faces and flanks of all teeth throughout 
the whole set of wheels are described by it ; therefore 
it is evident that if the constant generating circle 
which is used for a set of wheels according to the Wil- 
lis theory is also used to form the teeth of a rack, this 
same rack can be used in accordance with the Sang 
theory to generate another set of wheels, and any gear 
of one set will work correctly with the other. 

For many years, one of the foremost mechanical 
eaeeny - in gearing has been to reduce these weil 

nown theories to practice, and produce gear teeth 
having contours that correspond as nearly as possible 
to the theoretical curves. At first the teeth were 
drawn on paper or sheet metal, using ares of circles 





which approximated the true curves, and then tem 
plets were made to these drawings by which thecutters 
were shaped ; but it was found that cutters made it 
this way would not give as good results as desired, and 
afterward curves which Were very much neater the 
theoretical lines than ares of circles wete laid out by 
means of Professor Robinson's tewplet odontograph, 
and cutters made from them with much better results. 
Later, the curves of coarse pitch teeth were laid out, 
and sheet steel formers shaped to the lines as nearly as 
possible. These formers were then placed in a panta- 
graph machine, and cutters of the different pitches 
made from them; but it was found impossible, even 
with the large drawings, to make the formers suffici- 
ently accurate, 

The epicyeloidal milling engine was then constructed 
for generating and tilling the curves of one diametral 
pitch upon a steel plate, and, with these formers as a 
basis, cutters of any pitch were mads. Thus step by 
step the process of making gearing with special cutters 
for each wheel, according to the Willis theory of the 
| interchange syste, has been brought to great mechani: 
cal perfection. 

In the new process, which is the subject of this paper, 
instead of waking all gears so that they will ran into 
a rack, the rack is transformed into a cutting tool, and 
by it the teeth of wheels of any diameter are generated 





and cut at the same time. 
Fig. 1 illustrates a gear generating and cutting en- 





Fie. 1.—SWASEY'S GEAR GENERATING AND 
CUTTING ENGINE. 





| gine, designed and constructed by the writer, for the 
| purpose of reducing to practice the principles of this 
process. The cutters are shown in position as they ap- 
pear in the machine when the teeth are cut partly 
across the face of the wheel. 
The cutting spindles and the main spindle which 
carries the wheel are connected by means of change 
, gears, the number of teeth to be cunt in the wheel de- 
termining the proportion between the two on the same 
| principle as the change gears of an engine lathe, which 
| gives the cutting spindle as many revolutions to one of 
| the main spindles as there are teeth in the wheel. 
The cutting tool is composed of a series of cutters 
| rigidly connected, which revolve and at the same time 
|move longitudinally or endwise at right angles to the 





Fia. 2. Fra. 3. 


axis of the wheel to be cut ; and at the same speed, it 
is continually revolving at the pitch line, the motions 
being the same as in the case of a rack engaging with a 
revolving gear. 

As it would be impracticable to continue moving the 
whole series of cutters endwise, they are bisected, and 
these segments are connected in series forming two 
sections, which revolve upon a common axis, and each 
section is given an independent endwise motion by 
means of acam. When one section is engaged in cut- 
ting, it is carried endwise in the same direction and at 
the same velocity that the pitch line of the wheel is 
revolving, until disengaged from it, when the cutters, 
while continuing to revolve, are carried back by the 
cam to their original position, ready for the next tooth. 
By means of both sections, as they continually revolve 
and alternately slide forward while cutting, and back 
when disengaged, there is a continuous cutting and 
generating process of the teeth in the revolving wheel. 
The head carrying the cutters is automatically fed 
across the face of the wheel, and when the cutters have 
proceeded once across the gear is completed. 

Fig. 2 is a side elevation of a bisected cutter, and 
Fig. 3 shows a series of six cutters, the end one being 
in elevation and the others in cross section—these hav- 
ing cutting portions, which in cross section represent 
the teeth of a rack, with the addition to the diameter 
of a given Z——— of the pitch by whieh the clear- 
ance and fillets at the bottom of the teeth are made. 
If their cutting portions are formed of cycloids, then 
the whole set of gear wheels cut with them will be of 
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the epicyeloidal or double curve systew. If they are | sowe peculiar forms in which the velocity exceeds the 
formed simply of straight sides, then a set of involute | theoretical value. 
or single curve gears will be generated and cut, or their} The coefficient of discharge may be briefly stated for 
cutting portions may be composed of both straight | all ordinary tests for volume of discharge to be from 
lines and eycloids and produce Professor MacCord’s re- | an or'fice in a thin plate, ora hole in a plank with a 
cent system of gearing. which has composite teeth | bevel on the outside brought to «a sharp edge up on the 
with the contours partly involute and partly epicy- inner side; or a nozzle not longer than three times the 
cloidal. | diameter of the smallest part, as shown in Figs 6, 7, 8 
All the cutters in a series are made exactly alike and 
interchangeable, the thickness of each or the distance Re 6 
trom the center of one to the center of that adjoining P 
being equal to the pitch of the gear to be cut. As in- 
dieated in Fig. 2, the two segments of a cutter are first 
made whole, with four holes an equal distance from | 
the center, through which the rods pass that fasten | 
them tovether. After the cutters are nearly cowplet- 
ed, they are bisected with a narrow tool, leaving two | 
holes in each segment | 
Fig. 4 is a cross section of the head, showing the me- 
chanism for revolving and reciprocating the cutters. 
The rods which extend through the cutters serve not! 





and 9, in whieh the coefficients are marked for each 
form of orifice. 
The measure of any orifice, opening or nozzle should 
always be its smallest diameter. 
For the quantity delivered from these forms of orifice, 
the rule for which is, the velocity in feet per second 
|multiplied by the areain square feet or decimals of a 
| foot, gives the volume in eubie feet per second. 
| For obtaining the area, multiply the square of the 
| diameter in inches by 0°7854 and divide the product by 
144: which will give the square feet, or decimals of a 
| square foot as a multiplier in the above rule for cubic 
| feet per second. 
As an example say for a3 inch orifice or nozzle the 
larea will be 





7’ 0686 
only to held thew firmly together, but to revolve them, 3 x 38 = 9" x O73834 = ——- = 004000 
and at the sawe time act asslides for the reciprocating 144 
motion. ‘The spindles on either side of the cutters, 
through which the rods extend, are revolved independ- 
ently and at the same speed by means of a parallel 
shaft, having a pinion at each end, which engages with | for 16 feet head, equal to 4/6432 x 16 = 32 08 feet per 
a large gear on each spindle. By this means the four | Second, and 32°08 x 004909 = 15748 cubic feet per sec- 
rods carrying the two cutter sections are revolved from | ond 
each end, thus avoiding the torsional! strain which| The application of the coefficient of delivery for the 
would result if driven from one end only. The pair of | best form of orifice as in Fig. 8 will reduce the theoret- 
rods for each section, after passing through one of the| ical to the actual value, and 15748 x 0°956 = I* 
spindles, terminate in semi-cylindrical blocks. From | cubic feet, the actual flow per second. 
these blocks studs extend, on which are journaled rolls, In order to turn the value of this flow into horse 
which engage with a cam which is held rigidly to the, power, wultiply the volume by 60 (seconds in a) 
head. This cam is shown in Fig. 5, the working por- | ™inute) and by 62°5 (pounds in a cubie foot) and by 16 
tions being made in the form of a screw thread, which, | (feet ia height); divide the cumulative product by 
if extended all the way around, would have a lead | 33.000 (|b. lifted one foot high per minute), the quotient 

equals the gross horse power. 

The expression will then be : 


15055 x 60 « 62°5 x 16 


_~ —— 
| 


of a square foot. 
The velocity fora spouting jet will be theoretically 


= 2°737 horse power 





33,000 


The realization of work from this gross power re- 
quires a farther reduction for the inefficieney of water 
wheels, motors or tarbines, the value of which varies 
from 65 to 8 per cent. of the gross power of the spout- 
ing stream, taking the highest coefficient for a turbine 
or Pelton wheel and multiplying by the above gross 
power 

O85 K WT3T = 2326 
the actual horse power available for work for the best 
form of water wheels. 





Fira. 5. 


| THE MINER'S INCH. 


equal to the thickness or piteh of the entter. As each, , 4 miner's inch is the measure of water established in 
section of the cutters engages with the wheel but three- | the early days of hydraulic mining, and may be defin- | 
fourths of a revolution, the thread portion of the cam | & to be the quantity of water that will flow from a) 


which carries the cutters forward extends only three-|*@4te orifice in the side of a flume, one inch in dia- 
weter, through a two inch plank, the center of the 


fourths of its circumference, leaving the other one-| . = 
fourth for the reverse curves of the cam to bring the | Orifice being 63¢ inches below the surface of the water 
cutters back to their starting point. Provision is | 0" ® 6 inch head. 7 . 
made for adjusting one section of cutters so as exactly The ratio or coefficient of actual to theoretical dis- 
to coincide with the other, making the spaces and charge varies somewhat in the trials of experiment- 
teeth of the wheel equal, or, as is often necessary, the 
space can be made wider than the teeth by setting one 
section past the other. The variation in the spacing 
from one tooth to another is reduced to a minimum, as 
the series of cutters act upon both sides of a number 
of teeth at the same time, and serve to average and 
eliminate any local inaccuracies in the division of the | 
index and driving geurs ; also to obviate any tendency 
to crowd the wheel from one side to the other. 

The forward motion of the cutters and the revolving 
of the wheel at the piteh line being exactly the same, 
the process of generating and cutting the teeth goes 
on continuously and uniformly around its entire peri 
phery, so that one part is not heated more than another, 
but all the teeth are cut under exactly the same condi ; 
tions, and when the revolving cutters have once passed BEE 
across the face, all the teeth in the gear are completed A 
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and given the cortect form for each diameter of wheel ; oe \\ No 

and as by the Willis theory all gears are eut to run RSQ : ; Fi $ 10 
into a rack, so by this process the Sang theory is put RSS \ . . to. , 
into practice, anda rack is made to cut correctly all RQ 7 —~ 

gears. | SSS 
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[Continued from Surriewent, No, 788, page 12580.) 


THE POWER OF WATER, OR HYDRAULICS 
SIMPLIFIED. ers, from 0628 to 0°616, so that the actual flow may be | 
; a ai T Oidnie from the rule for one miner's inch. (Fig. 10.) 
FLOW FROM SUB SURFACE ORIFICES RULE. 
Area in decimals of a square foot X coefficient X sq. 


THK velocity of a fluid issufng from a hole or aper : : : 
ture of the best form in a reservoir is theoretically the | on = twice gravity x square root of height in 


same as it would be if it fell from the height of the | 
surface of the water in the reservoir to the center of 
the hole or aperture. It varies as the square root of |" 
the height and is found to be equal to the square root | /65 

i ‘ sqt . Y OR & 8-0 ' ‘ (0255 eubie 
of the sum of twice gravity (64 32) and the height ; the | OWS X OEE X SOR X 12 00855 cuble foot per 


formlua of which is : 5 


AXCX Vf %4xh 
' 





second, aml Ow «x 60 
a miner's inch of water 
Che actual value or flow seems to vary considerably 
TT New tan / or " p » 
ef saat Ser 0 Lemp of ! Ago My a ’ a 32 < 1) at various elevations, and values are quoted at from | 
ae I a Sevene, Gan wr a of 16 feet it ix! 1-25 to 1°75 eubie feet per minute for actaal discharge, | 
/ 64°82 x 16 = 32 08 feet per second the less in quantity for the greater height. 


158 cubie feet per minute | 


/29q x hors oe \ ‘height 





Practically, friction and the forms of orifices of issne From experiments with exact measurements of 
make a reduction from the theoretical values, except in! orifice, height, time and flow at moderate elevations ' 


in California, the mean flow of a miner’s inch wag 
found to be 15744 eubic feet per minute, with an as. 
certained coefficient of 0616. 

The variation of water level in flames makes a uni. 
form flow somewhat difficult of control, and a resort to 
gates regulated by floats is made where uniform flow 
is required. 

The available horse power, from one or any number 

of miner's inches, may be readily computed by multiply. 
ing the number of miner's inches by their volume per 
minute (1°5744 * number of in.), and by the weight of a 
cubic foot of water (62°5), and by the fall in feet that 
ean be obtained, dividing the last product by 33,000, 
which gives the value of the horse power of the water. 
From this a deduction of 20 per cent. should be made 
for the loss by transmission of the power through the 
motor, which is also a variable and is the mean of 
various kinds ranging in efficiency from 75 to 85 per 
cent. 

The most approved forms of turbines and impact 
wheels are found to yield from 80 to 86 per cent. of the 
primary power of the water. 

Thus as an example: For 100 miner's inches and 
a fall of 100 teet, the figures of the equation become 


. 


8 
100 « 15744 «k 625 x 100 = - = 29°8 h. p. 
33,00€ 
and 298 less 20 per cent. = 23°84 available horse 
power. 


THE FLOW OF WATER IN OPEN STREAMS AND 
DITCHES. 





The flow of water in streams, canals and ditches 
and their hydraulic grades or slope is a somewhat com- 
plex problem, arising from the friction of the bottom 
| and sides varying with the kind of material with which 
'they are lined, as well as the varying velocity due to 
| varying areas; the friction being inversely as their 
| areas. 

For irrigation ditches, where the lining is of fine ma- 
| terial, as sand, loam or clay, the flow will have the 
| least friction ; but curves and angular bends have an 
|influence in retarding the flow due to a given slope or 

hydraulic grade. 
| THE SCOURING ACTION OF WATER. 

As undue velocity has an abrading effect upon the 
|material of the bottom and sides of channels, various 
experiments have given us a gauge for guidance in lay- 
ing out the hydraulic slope of canals and ditches. Its 
effect has been found to be for a mean velocity of— 





0°4 of a foot per second, moves fine clay. 

03 of a foot per second, moves loam and fine sand. 
0°8 of a foot per second, moves fine gravel. 

16 feet per second, moves coarse gravel size of beans. 
3°5 feet per second, moves shingle 1 inch in diameter. 


6°0 feet per second, moves stones 3 to 6 in. diameter. 
10°0 feet per second, moves bowlders and rocks, 


| 

= a ~ ; 

4°5 feet per second, moves stones 14¢ in. diameter. 
} 

} 


To an observation of surface velocity at center of 
stream deduet 10 per cent. for mean velocity. 

The velocity close to the bottom or next to the wet 
perimeter is very much less than at the surface at cen- 
ter of stream, and varies with the condition of rough- 
ness and form of the bottom ; 20 to 30 per cent. differ- 
ence has been observed, but the conditions of form and 
roughness are so uncertain, that the above rule will be 
found practical! for all ordinary purposes. 

A few definitions may here make plain the terms of 
couiputation for velocity and slope of streams, canals 


and ditehes, under various conditions. 


The area of a stream, canal or ditch is the width 
multiplied by the mean depth as deseribed in chapter 
1, Fig. 1. 

THE WET PERIMETER. 

The wet perimeter is the measure of a stream, canal 
or ditch following the irregularities of the bottom and 
sides, as shown in Fig. 11. 





. 50 feet 

See See ee : 
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As the wet perimeter is an important factor in the 
computation of the slope of a stream, eanal or ditch, 
the means for approximately obtaining it from the set 
of measurements for area is desirable for natura! 
streams, while for canals and ditches of known dimen- 
sions, the wet perimeter can be measured on a sec- 
tional drawing. 

For natural streams, to the sum of the outside mea- 
sures for mean depth add the difference between these 
and the next measure successively, and also one-half 
the sum of the outside measures as follows, from 


| Fig. 11. 


Make this sum and the widthof the stream the two 
legs of a triangle, Fig. 12, and to the square of the 








width add the square of the sum of the depths, and 
from this sum take the square root for the angular wet 


| perimeter : 
Sum of outside measures........ 74°+2 6" = 4 10° 
ne Eee 4°—13'—6"—12°-9° = 3 & 
One-half the sum of outside measures 2 5 
10° 11 
Or decimally........... Sie ena eeras otsnayaoinda a 10 916 


hen— 
50? = 2500 
10°9162 = 11914 > 
1/2619 14 = 51-2 
The angular wet perimeter being found to be 51'*2, 
add, for roughness and inequalities of the bottom be 
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tween the measured divisions, 5 cent. to the angu- 
lar amount, making a wet perimeter of 51°2 + 5 per 
cent. = 53°76, a very near approximation to the mea- 
sured wet perimeter of such a stream. 
Por canals and ditches with flat bottoms and straight 
sloping sides, the operation becomes an easy one, as, 
for example, the following form, Fig. 13: 





Here the slope of the sides make equal and similar tri- 
angles, and as both triangles make a rectangle 4’ by 3, 
the solution for area becomes a very simple one, viz., 
+4 xX 3 = Msquare feet. : 

he wet perimeter is then found by obtaining the 
length of the slope ; which is equal to the square root 
of the sum of the squares of the horizontal and verti- 
eal sides of the triangle, viz. : : 

+ 3? = 25, and the square root of 4/25 =5, the 
siope. Then 5 + 5 +4 = 14 feet, for the wet peri- 
meter. : 

THE HYDRAULIC RADIUS. 

The hydraulic radius, another fxetor in the problem 
of the slope or hydraulic gradient and its consequent 
current, is the area of the transverse section of a stream, 
canal or diteh, in square feet, divided by the wet peri- 
meter, in lineal feet. 

For example, as in the first ease, Fig. 11, the sum of 
the measures for depth amount te 18’ ." or 1 ‘75 feet, 
which, divided by 6, the number of measures, = 3°225 
x 50 feet = 161°25 square feet, the area of the stream, 





161°25 
and —2-99 the hydraulic radius sought. 
53°76 
For the second case, Fig. 13 : 
24 
—=1°'714 
14 


the bydraulie radius sought. 

The trapezoidal form of canals and ditches, as above 
deseribed and proportioned, approximates very nearly 
to the best form for irrigation ditches in gravel, sand 
and loam, as the slopes of the sides will hold with 
mean velocities below 2 feet per second. 


THE SLOPE OR HYDRAULIC GRADIENT. 


For the velocity of flow in rivers having a uniform 
area, we have the formulas for velocity from a given 
slope, and, by inversion, the slope fora given velocity : 





Ist. 12 4/hydraulie radius X slope in feet per mile 
= velocity in feet per second. 

Thus, for example, as for Fig. 11, with a hydraulic | 
radius of 299 and an assumed slope of 2 feet per) 
wile : 

12 4/299 x 2 
second. 


4/598 X 1:2 = 2°93 feet velocity per | 


For the velocity of flow in canals and ditches of uni- 
form area and swooth bottom, we have the formula: 








2d. 4/hydraulie radius X 2 X slope in feet per wile 
= velocity in feet per second. 

Assuming the hydraulic radius of the canal or diteh | 
as in Fig. 13, with a slope or hydraulic grade of 1 ft. 
per wile, 

Then 4/ 1°714 x 2 x | = 1°85 ft. velocity per second. 

The widening of such a ditch to 24 ft., with the sides 
of the same slope and depth, makes a marked increase 
in the velocity of the current with the same hydraulic 
grade, or will allow of a less grade for the same current, 
as an example will show. 

Width at top 24 ft., bottom 16 ft., sides as in Fig. 1i. 
Then the area will be 20 x 3 = 60 sq. ft., and the wet 

% 


and — = 2307, the | 
» 


perimeter will be 5+ 5 + 16 = 26 ft., 


aU 


hydraulic radius. 


draulie grade, so that waste weirs will not be required, 
that the water catch may all besaved during a time of 
drought. 

Reservoirs wherever practicable along the line of 
wain ditches are of great importance, in arid districts. 
especially where the source of supply is a flood stream 
that may become dry during adrought. At such times, 
a single irrigation from a stored supply at the oppor- 





tune time will often save a crop. 

In regard to the quantity of water required to save a 
crop on a given size farm, no definite figure can be | 
given under the varied conditions of climate and rain- 
fall, yet it has been estimated that, for a larger part 
of the arid lands of the United States, a depth of three 
inches on the whole acreage during the dry season 
will save a crop. 

A depth of 6 in. will be sufficient in the more arid | 
districts of Arizona and New Mexico. 


special cultivation, the quantity required for aseasonal 
depth of 3 inches will be about 1,089,000 cub. ft., and 
for 6 in. in depth 2,178,000 eub. ft. 

These figures look large, but a ditch of 5 sq. ft. water 
area, or say 44¢ ft. wide by 144 ft. in depth, at a velo- 
city of 1 ft. per second, will meet the supply of 3 in. in 
depth over 100 acres in 14 days, and of 6 in. in depth 
in one month, 

This will be more than enough for a continuous 
drought of two months. 

The possibilities of storage by artificial ponds or lakes 
is of the utmost importance where the source of sup- 
ply is limited; and although not always feasible by 
dams in the streams, a series of reservoirs along the 
line of ditch may often be made available for the stor- 
age of one or two million eubie feet of water, and in 
this way save the cost of large ditches and make avail- 
able the smallest streams by the cumulative process 
through the rainy season. 

Where pumping is required we refer the reader to 





Taking for example a farm with 100 acres under | 


glass vessel which was the principal part of the ap- 
paratus. 

A represents a bulb in which were the electrodes, 
a @, to give the dust, connected by a widish tube, 
d, with the tube for observation, B. The end, Z, war 
blown clear, so that the narrow part of B could be ob- 
served end-on. The electrodes, e ¢, were of platinum 
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The tube, y, passing from A to the supply of gas, was 
fitted with a glass stopcock, C, for regulating the in- 
take, and the tube, /. led from the distant end of B to 
the air pump. The air pump was a large one worked 
by a gas engine capable of keeping the pressure down 
to a few willimeters, even with a considerable leakage. 
Observations were made of the discharge in B, at 
various low pressures, sometimes with, and at other 
times without, a Leyden jar in circuit. The sparks in 
A were generally taken with a jar, and there was 
ample proof, if prooffwere needed, of the dust derived 
from the electrodes, since it formed a visible deposit 
in the tube, d, in the first bulb of B, and even on the 
end, Z. The air or other gas passed into A was filter- 
ed through eotton wool to remove all dust before ad- 
mission to the apparatus. 

Various metals were used as electrodes in A, magne- 
siuw, iron, manganese, cadmium, fused caleinm ehlor- 
ide, metallic sodiuw in a little glass cup on a platinum 
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| descriptive areticles on pumping devices for irrigation | wire, and fragments of the Dhurmsala meteorite. 
| in SCIENTIFIC AMERICAN SUPPLEMENT, Nos. 624 and | in no case could the rays of any of the substances em- 


PEARSALLS HYDRAVLILG ENGINE. 





, A.Flow Pipe. B. Reservoir. 
C. Matin Valve. D. Connectin Roa, 
\ E.Air Engine. —-P. Compression Chamber, 
G. AirEscapeValve. H. Float. 


i 


7 Le Ain Cnamber. M. Discharge Pipe. 


But 


Then of 2307 X 2X 1 = 4/4614 = 2°15 ft. per second 625; illustrated descriptions of hydraulic rams for pur-| ployed be seen in the discharge through B, either 


for velocity of the current. 
rent for canals or ditches with a lining of sand or loam, 

some other grade may be adopted, say *4 ft. to a wile, | 
which with the above formula will give a velocity of 

1°86 ft. per second, or an iuversion of the formula may 

be used to adapt the grade toa required current, as 

shown further on, 

For ascertaining the required slope or hydraulic 
grade for any given velocity of current per seeond with 
an assigned hydraulic radius for a canal or diteh, the 
formulas Nos. 1 and 2 may be inverted as follows : 


velocity in ft. per seeond* 





— = gradient in ft. per wile. 

Hydraulie radius x 2 

Taking the second example, Fig. 11, the cow putation 
3°428 

—— = 1 ft. per mile slope or hy- 
1714 x 2 

draulic gradient. 

With these data for an irrigation diteh twice the 
width with a required velocity of 2 ft. per second ;| 
the equation 

oo 


~ 


becomes 1°85? = 





3d 








= = 0°866 ft. per mile for the slope or hy 
2307 x 2 
draulie gradient. 
; The diteh, as in Fig. 11, with a current velocity of 
85 ft. per second and a hydraulic grade of 1 ft. per 
mile, will deliver 240’ x 1°85 = 44°4 eubie ft. of water 
ber second, or over 3,800,000 cu. ft. per day of 24 hours. 
whe slope of the oid Croton aqueduct is 1‘1 ft. per 
= e. The new aqueduct has a less slope, due to its 
ger area, being 84¢ in. to a mile. 
hese low grade slopes were made to meet the re- 
quirement of a nearly perfect wet perimeter. 
In practice, the ditehes for irrigation purposes, 
Where the length is less than five miles, should be 
made level, with depth enough to balance the hy- 








hydraulic pumping engine in No. 544. 

As the Pearsall engine has been modified for larger 
and important work since the issue of No. 544, we give 
an illustration of its latest form, in which 74 per cent. 
of the total water power used is claimed to be utilized 
for irrigation purposes. One of these engines now run- 


ning at Barneston, Pa., with 17 feet fall, lifts 180,000 | 


gallons per day to a height of 100 feet. This is a capa- 
city equal to covering 100 acres of land % inch deep 
every week. With 8 feet fall and 50 feet lift, and for 
other proportions of fall and lift, this form of water 
evgine retains its full discharge as above stated. 

For gardens and small farms, where only partial irri- 
gation is needed, say up to 15,000 gallons per day, 
enough for a ten to twenty acre lot, Rife’s automatic 
hydraulic engine has some of the latest improvements 
for economy with stall fall. 

(To be continued.) 


THE SPECTROSCOPIC PROPERTIES OF 
DUST.* 

THE suggestion that the auroral speetrum, the prin- 
cipal ray in the spectrum of nebule, and other rays of 
unknown origip, might be due to meteoric dust induc- 
ed us to investigate the problem whether solid par- 
ticles of sufficient winuteness would act like gaseous 
molecules in an electric discharge and become lumi- 
nous with their characteristic special radiation. The 
dust we employed was that thrown off from the suar- 
face of various electrodes by a disruptive discharge 
and it was carried forward into the tabe of observa- 
tion by a more or less rapid current of air or other 


gas. 
The arrangement will be best understood from the 
annexed diagram, which represents a section of the 





”* By G. D. Liveing, M.A., F.RS.. Professor of Chemistry, and 
J. Dewar, M.A., F. R. S., Jacksonian Professor, University of Cam- 
bridge. ived August 16, 1800. 


As this is too swift a cur- poses of irrigation in Nos. 111 and 155; and of Pearsall’s | when a Leyden jar was in circuit or not. 
I | } J 


Incidentally, we found that magnesium electrodes 
were not so good as some of the other metals for these 
| experiments, because the apparatus was never wholly 
free from traces of air, and lines or bright edges of 
| bands of nitrogen fall very near the most characteris- 
tic lines of magnesium, and with small dispersion 
might easily be mistaken for them. 

Air, hydrogen, carbon dioxide. and oxygen, were 
successively used as the gases passing through the ap- 
paratus, and at various pressures from 2 mm. up to 20, 
;and, in some eases, up to 40 mm.. but with the same 
result. No rays, due to the electrodes in A, could be 
detected in B. Even when one of the electrodes in A 
was sodium, and the sodium rays, orange, yellow, 
citron, green, and blue, were brilliant in the spectrum 
of A, not even the D lines could be detected in B. We 
should have expected that some of the traces of so- 
dium in the state of vapor would have been carried 
by the stream of hydrogen into B. But it seems that 
it was not so, nor could the appareut absence of rays 
due to'the dust be aseribed to mere faintness in their 
light, for we took photographs of the speetrum of B, 








and found that even lengthened exposures produced 
no evidence of rays due to the dust, nor could it be 
ascrived to the character of the discharge in B, for the 
discharge was varied. Sometimes A and B were in 
the same circuit, sometimes the discharge in B was 
from a separate coil, and even the powerful discharge 
from a large coil stimulated by a De Meritens mag- 
neto-electric machine was tried. 

That abundance of dust was formed by the sparking 
in A was proved not only by the deposit in the tube, 
but by allowing the stream of gas at atmospherie pres- 
sure from the tube / (of course disconnected from the 
pump) to impinge on a flame, when the characteristic 
flame spectrum of the electrodes in A was at once 
manifest. When the gas used was hydrogen, and it 
was burnt in oxygen, the spectrum of the electrodes 
was particularly well seen, also when the gas was oxy- 
gen and led into a hydrogen flame. 
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_ tures, before it becomes luminous in the electric dis- 


That the dust was of extreme fineness and capable 
of being carried by a streaw of gas to a great distance 
was proved as follows : 

A stream of hydrogen, at ordinary pressure, was 
passed through the sparking tube, with magnesium 
electrodes, and then through more than 100 feet of metal 
tube in a coil, and, finally, burnt as it issued. Before 
the sparking began there were no signs of magnesium 
in the fame. But when sparks had been passing 
between the magnesium electrodes for a short time, 
the magnesium spectrum was seen in the flame. It 
took 55 seconds for the gas to carry the dust through 
the long pipe, and when the sparking ceased it was 
again about the same time before the magnesium dis- 
appeared from the flame. It always appeared and dis- 
appeared sharply in correspondence with the sparking. 
Similar experiments, but with a shorter tube, were 
made with other metals, iron, sodium, lithium, etc., al- 
ways with like resuits. Alsoa current of oxygen was 

sed through the sparking tube and into a flame of 
ydrogen, and produced similar effects. Even alu- 
minum, which does not usually show any part of its 
spectrum, when used as an electrode in a vacuous 
tube, gave, when sparked in oxygen, dust which, when 
carried into a bydrogen flame, showed the characteris- 
tic bands of alumina. 

Considering that a sensible amount of dust was de- 
posited in the bulbs of B, we should have expected 
that some would be deposited on the electrodes, e é, in 
that tube, and that the discharge from electrodes so 
coated would give the spectrum of the metal on their 
surface. 

There is no doubt that when no discharge was tak- 
ing place in B, the electrodes, e ¢, did receive their 
share of dust, and, if it had been allowed to accumu- 
late so as to form a coherent crust, it would have given 
its characteristic spectrum on first passing sparks in 
B. But so long as the dust is loose, the passage of a 
discharge instantly clears the electrodes of all dust 
and seems to dispel all dust from the gas through 
which the discharge occurs. It is well known that an 
electric discharge in a vessel of air has the effect of 
clearing out of the air all the rticles that serve as 
nuclei for the condensation of water, and we made 
several experiments with a view to determine whether 
a similar effect was produced on the dust in our tubes. 
The gas from the sparking tube was carried through 
a glass globe, and so on to the jet where it was burn- 
on A wire connected with one pole of a Voss or 
Wimsharst electric machine projected into the interior 
of the globe, and a patch of tinfoil on the outside of 
the globe was connected with the other pole of the 
electric machine. So long as the Voss machine was 
not worked, the gas carried the dust from the spark- 
ing tube through the globe, and it was seen in the 
spectrum of the flame or simply in the color of the 
flame when lithium was one of the electrodes. But, 
on working the machine so as to produce a silent dis- 
charge inside the globe, the flame, in one or two 
seconds, suddenly ceased to show the epectrum of the 
dust, and in the case of the lithium lost its red color. 
When the machine was no longer worked, the spec- 
trum or color speedily reappeared, to vanish again 
suddenly when the machine was started afresh. When 
a narrow tube, with a piece of a tinfoil outside and wire 
inside, was substituted for the globe, the like results| 
ensued. 

It appears, then, not only that dust, however fine, | 
suspended in a gas will not act like gaseous matter in 
becoming luminous with its characteristic spectrum in | 
an electric discharge, but that it is driven with extra- 
ordinary rapidity out of the course of the discharge. 
If, then, the spectrum of the aurora be due, not to 
the ordinary constituents of our atmosphere, but to 
adventitious matter from planetary space, we conclude 
that such matter must be in or must be brought into 
the gaseous state, or at least have its properties entire- 
ly altered from those it possesses at ordinary tempera- 





charge.—Sidereal Messenger. 


(Continued from SurrLement, No, 788, paye 12504.) 
THE ELECTROMAGNET.* 
By Professor Strvanus P. THompson, D.Sc., B.A., 
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MODIFICATIONS OF THE COIL AND PLUNGER. 


IN one variety of the coil and plunger mechanism a 
second coil is wound on the plunger. Hjorth used this 
modification, and the same thing has been employed in 
several arclamps. There is a series of drawings upon 
this wall depicting the mechanism of about a dozen 
different forms of arc lamp, all made by Messrs. Pater- 
son & Cooper. In one of these there is a plunger with 
acoilon it drawn into a tubular coil, the current flow- 
ing successively through both coils. In another there 
are two separate coils in separate circuits, one of thin 
wire and one of thick, one being connected in series 
with the are, and one in shunt. 


DIFFERENTIAL COIL AND PLUNGER. 

There is a third drawing here showing the arrange- 
ment, which was originally introduced by Siemens, 
wherein a plunger is drawn at one end into the coil 
that is in the main circuit, and at the other end into a 


I had to write, and the attraction does not vary in- 





coil that is in shunt. That differential arrangement 
has certain peculiar properties of which I must not now | 
stop to speak in detail. Itis obvious that where one| 
core plunges its opposite ends into two coils, the mag- 
netization will depend on both coils, and the result-_ 
ant pull will not be simply the difference between the 

all of the two coils acting each separately. There is, | 

owever, another differential arrangement, used in the | 
Brockie-Pell and other arc lamps, in which there are 
two separate piuugers attached to the two ends of a 
seesaw lever, In this case the two magnetizing actions 
are separate. In a third differential arrangement 
there is but one plunger and one tubular bobbin, upon 
which are wound the two coils, differentially, so that 
the action on the plungers is simply due to the differ- 
ence between the ampere turns circulating in the two 
separate wires. 


COIL AND PLUNGER COIL. 
When one abandons iron altogether, and merely 


* Lectures delivered before the Society of Arts, London, 1800. From 
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the Journal of the Society. 


uses two tubular coils, one of wide diameter and an- 
other of narrower diameter, capable of entering iuto 
the former, and passes electric currents through both of 
them, ifthe currents are circulating in the same fashion 
through both of them, they will be drawing into one 
another. This arrangement has also been used in arc 
lamps. The parallel currents attract one another in- 
versely, not as the square of the distance, but approxi- 
mately aa the distance. This is one of those little de- 
tails about which it is as well to be clear. About once 
a year some kind friend from a distance writes to me 
inting outa little slip that he says occursin my 

k on ye tetee in the pa where I am speaking 
about the attraction of parallel wires. I have made 
the terrible blunder of leaving out the word square ; 
for | say the attraction varies inversely as the distance, 
and my readers are kind enough to correct me. Now 
when I wrote = I considered carefully what 


versely as the square of the distance, because two 

rallel wires{do not act on one another as two points. 
They act as two straight lines or two parallel lines, and 
the attraction between two parallel lines of current, or 
two parallel lines of magnetism, or two parallel lines of 
anything else that can attract, will not act inversely as 
the square, but simply inversely as the distance in be- 
tween. 

INTERMEDIATE FORMS. 


Now this property of the coil and plunger of extend- 
ing the range of action has been adopted in various 
ways by inventors whose object was to try and make 
electrowagnets with a sort of intermediate range. For 
certain purposes it is desirable to construct an electro- 
magnet which while having the powerful puil of the 
electromagnet, should have over its limited range of 
action a more —— pull, resembling in this respect 
the equalizing of range of the coil and plunger. Some 
of these intermediate forms of apparatus are shown in 
the following diagrams. Here (Fig. 65) isa peculiar 
































Fie. 65.—PLUNGER ELECTROMAGNET OF 
STEVENS AND HARDY. 


form of electromagnet; it combines some of the fea- 
tures of the ironclad electromagnet with those of the 
movable plunger ; it has a limited range of action, but 
is of great power over that range, owing toits excel- 
lent magnetic circuit. It was invented, in 1870, by 
Stevens and Hardy, for use in an electric motor for 
running sewing wachines. A very similar form is used 
in Weston's arc lamp. A form of plunger electromag- 
net invented by Holroyd Smith in 1877 resembles Fig. 
65 inverted; the coil being surrounded by an iron 
ye while a plunger, furnished at the top with an 
ron disk, descends down the central tube to meet the 
iron at the bottom. 

Then there is another variety, of which I was able to 
show an example last week by the kindness of the 
Brush company, namely, the plunger electromagnet 
employed in the Brush are lamps. A couple of tubu- 

















Fie. 66.—ELECTROMAGNET OF BRUSH 
ARC LAMP. 


lar coils receive each an iron plunger, connected to- 
gether by a yoke ; while above, the magnetic circuit is 
partially completed by the sheet of iron which forms 
part of the inclosing box. You have here, also, the 
advantage of a fairly complete magnetic circuit, to- 
gether with a comparatively long travel of the age one 
and cvil. It is a fair compromise between the two 


= ama as the wagnetic circuit becomes wore com. 
plete. 

There are several other intermediateforms. For ex. 
ample, one inventor, Gaiser, employs a horse shoe elee- 
tromagnet, the cores of which protrude a good distaneg 
beyond the coils, and for an armature he emplo 
a piece of sheet iron, bent round so as to make at itg 
ends two tubes, which inclose the poles, and are drawn 
down over them. Contrast with this design one of 
much earlier date by an engineer, Roloff, who 
his electromagnets with iron cores not standing out, 
but sunk below the level of the ends of the coils, while 
the armature was furnished with little extensions that 
passed down into these | te one tubular ends of the 
coils. Some arc lamps have magnets of precisely that 
form, with a short plunger eutering a tubular coil, and 
met half way down by ashort fixed core inside the 


tube. 
Here (Fig. 67) is one form of tubular ironclad electro. 


Aas S& 


eee eee 
; 





Fie. 67.—AYRTON AND PERRY’S TUBULAR 
IRONCLAD ELECTROMAGNET. 


magnet that deserves a little more attention, being the 
one used by Messrs. Ayrton and Perry in 1882; a coil 
has an iron jacket round it, and also an annular iron 
disk across the top, and an annular iron disk across the 
bottom there being also a short internal tube of iron ex- 
tending a little way down from the top, almost meeting 
another short internal tube of iron coming up from the 
bottom. The magnetic effect of the inclosed copper coil 
is concentrated within an extremely short space, be- 
tween the ends of the internal tubes, where there is a 
wonderfully strong uniform field. The range of action 
you can alter me as you please in the construction by 
shortening or lengthening the internal tubes. An iron 
rod inserted below is drawn with great power and 
equality of pull over the range from one end to the 
other of these internal tubes. 


ACTION OF MAGNETIC FIELD ON SMALL IRON 
SPHERE. 


In dealing with the action of tubular coils upon iron 
cores, I showed how, when a very short core is placed 
in a uniform magnetic field, it is not drawn in either 
direction. The most extreme case is where a small 
sphere of soft iron is employed. Such a sphere, if 
placed in even the most powerful magnetie field, does 
not tend to move in any direction if the field is truly 
uniform. If the field is not uniform, then the iron 
sphere always tends to move from the place where the 
field is weak to a place where the field is stronger. A 
ball of bismuth or one of copper tends, on the contrary 
to move from a place where the field is strong to a place 
where the field is weaker. This is the explanation of 
the actions called ‘‘ diamagnetic,” which were at one 
time erroneously attributed to a supposed diamag- 
netic polarity opposite in kind tothe ordinary mag- 
netic polarity. A simple way of stating the facts is to 
say that a small sphere of iron tends to move up the 
slope of a magnetic field. with a force proportional to 
that slope ; while (in air) a sphere of bismuth or one of 
copper tends, with a feeble force, to move down that 
slope. Any small piece of soft iron—a short cylin- 
der, for example—shows the same kind of behavior as 
a stwnall sphere. In some of Ayrton and Perry’s coiled 
ribbon amperemeters and voltmeters, and in some of 
Sir William Thomson’s current meters, this principle 
is applied. 


SECTIONED COILS, WITH PLUNGER. 


An important suggestion was made by Page, about 
1850, when he designed a form of coil and plunger hav- 
ing a travel of indefinitely long range. The coil 
tube, instead of consisting merely of one coil, excited 
simultaneously throughout its whole length by the cur- 
rent, was constructed in a number of separate sections 
or short tubes, associated together end to end, and far- 
nished with means for turning on the electric cnrrent 
into any of the sections separately. Suppose an iron 
core to be just entering into any section, the current 
is turned on in thatsection, and as the end of the core 
passes through it, the current is then turned on in the 
section next ahead. In this way an attraction may be 
kept up along a tube of indefinite length. Page con- 
structed an electric motor on this plan, which was later 
revived by Du Moncel, and again by Marcel Deprez in 
his electric ‘‘ hammer.” 


WINDING OF TUBULAR COILS AND ELECTROMAGNETS. 


The mention of this mode of winding in sections leads 
me to say a few final words about winding in general. 
All ordinary coils, whether tubular or provided with 
fixed cores, are wound in layers of alternate right 
handed and left handed spirals. In a preceding lecture 
I mentioned the mistaken notion, now disproved, that 
there is any gain in making all the spirals right handed 
or left handed. For one particular case there is an ad- 
vantage in winding a ccil in sections ; that is to say, 
in placing partitions or cloisons at intervals along the 





ways of working. The pull is not, however, in any of 
these forms, equul all along the whole range of travel ; 


bobbin, and winding the wire so as to fill up each of 
the successive spaces between the partitions before 
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ing on from one space to the next. The case in 
whieh this construction is advantageous is the unusual 
case of coils that are to be ased with currents supplied 
at very high potentials. For when currents are sup- 
ied at very high potentials, there is a very great ten- 
sion* exerted on the insulating material, tending to 
ierce it witha spark. By winding a coil in cloisuns, 
cewover, there is never so great a difference of poten- 
tials between the windings on two adjacent layers as 
there would be if the layers were wound from end to 
end o/ the whole length of coil. Consequently, there 
js never so great a tension on the insulating mate 
bet ween the layers, and a coil so wound is less likely to 
be injured by the occurrence of a spark. 

Another variety of winding has been suggested, 
namely, to employ in the coils a wire of graduated 
thickness. It has been shown by Sir William Thomson 
to be advantageous in the construction of the coils of 

yanoweters to use for the inner coils of small dia- 
meter a thin wire; then, as the diameter of the wind- 
ings increases, a thicker wire ; the thickest wire being 
used on the outermost layers; the gauge being thus 
proportioned to the diameter of the windings. But it 
by no means follows that the plan of using graded 
wire, which is satisfactory for galvanometer coils, is 
necessarily good for electromagnets. In designing 
electromagnets it is necessary to consider the means of 

tting rid of heat; and itis obvious that the outer 
—, are those which are in the most favorable posi- 
tion for getting rid of this heat. Experience shows 
that the under layers of coils of electromagnets always 
attain a higher temperature than those at the surface. 
If, therefore, the inner layers were to be wound with 
finer wire, offering higher resistance, and generating 
more heat than the outer layers, this tendency to over- 
heating would be still more accentuated. Indeed, it 
would seem wise rather to reverse the galvanometer 


plan, and wind electromagnets with wires that are|- 


stouter on the inner layers and finer on the outer layers. 
Yet another mode of winding is to employ several 
wires united in parallel, a separate wire being used for 
each layer, their anterior extremities being all soldered 
together at one end of the coil, and their posterior ex- 
tremities being all soldered together at the other. 
Magnetically, this mode of winding presents not the 
slightest advantage over winding with a single stout 
wire of equivalent section. But it has lately been dis- 
covered that this mode of winding with mudtiple wire 
sses one incidental advantage, namely, that its use 
diminishes the tendency to sparking ‘which occurs at 
break of circuit. 


EXTENSION OF RANGE BY OBLIQUE APPROACH. 


I now pass to the means which have been suggested 
for extending the range of motion, or of modifying its 
amount at different ~— of the range, so as to equal- 
ize the very unequable pull. 

There are several such devices, some electrical, 
others purely mechanical, others electro-mechanical. 
First there is an electrica! method. Andre proposed 
that as soon as the armature has begun to move nearer, 
and comes to the place where it is attracted more 
strongly, it is automatically to make a contact, which 
will shunt off part of the current and wake the mag- 
netisw less powerful. Burnett proposed another means: 
a number of separate electromagnets acting on one 
armature, but as the latter approached, these electro- 
magnets were one after the other cut out of the circuit. 
I need not say the advantages of that method are nd 
hypothetical. Then there is another method whie 
has been used many times with very great success, the 
method of allowing the motion of the armature to oe- 
eur obliquely, it being mechanically constrained so as 
to move past instead of toward the pole. When the 
armature is pulled thus obliquely, the pull will be dis- 
tributed over a definite wider range. Here isa little 
motor made on that very plan. A number of pieces of 
iron set on the periphery of a wheel are snecessively at- 
tracted up sideways. An automatic device breaks the 
circuit as every piece of iron comes near, just at the 
moment when it gets over the poles, and the current 
being cut off, it flies on beyond and another piece 
comes up, is also attracted in the same way, and then 
allowed to pass. A large number of toy motors have 
been made from time to time on this plan. I believe 
Wheatstone was the first to devise the method of 
oblique approach about the year 1841. He made many 
little electromagnetic motors, the armatures of which 
were in some cases solid rims of iron arranged as a sort 
of wheel, with two or more zigzag interral teeth. offer- 
ing oblique surfaces to the attraction of an electro- 
magnet. Such little motors are often now used for 
spinning Geissler’s vacuum tubes. In these motors the 
iron rim is fixed, and the electromagnet rotates. The 
pole of the electromagnet finds itself a certain distance 
away from the iron ring. It tries to get nearer. The 
only way itean get nearer is by swinging round, and 
80 it gradually approaches, and as it approaches the 
place where it is nearest to the internal projection of 
the rim the current is cut off, andit swings further. 
This mode may be likened to acam ina mechanical 
movement. It is, in fact, nothing else than an electro- 
magnetic cam. There are other devices too, which are 
more like electromagnetic linkages. If you curve the 
poles or shape them out you may obtain actions which 
are like that of a wedge on an inclined plane. There 
isan electromagnet in one of Paterson and Cooper's 
arc lamps wherein the pole piece, coming out below the 
magnet, has a very peculiar shape, and the armature 
18 so pivoted with respect to the magnet that as the 
armature approaches the core as a whole, its surface 
recejes from that of the pole piece, the effect being 
that the pull is equalized over a considerable range of 
motion. There is a somewhat similar device in De 
Puvdt’s pattern of arc lamp. 

Here is another device for oblique approach, made 
by Froment. In the gap in the circuit of the magnet 
& sort of iron wedge is put in, which is not attracted 
squarely to either face, but comes in laterally between 
guides. Another of Froment’s equalizers, or distribu- 
tors, consists of a parallel motion attachment for the 
armature, so that oblique approach may take place 
without actual contact. Here, Fig. 68, is another me- 
chanical method of equalizing devised by Froment, 





* The tension on the insulati material, tending to pierce it with a 
Spark, is proportional to the ogene of the diff 5 ial 
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unit thickness) to which the insulating material is subject. It is incor- 
rect fo talk ab ut the tension of the conductor, or about the tension of 
the current ; for the tension or electric stress is always an action affect- 
ing the dielectric or insulating Me 





and used by Le Roux. You know the Stanhope lever, 
the object of which is to transform a weak force along 
a@ considerable range into a powerful force at short 
range. Here we use it backward. The armature it- 
self, which is attracted with a powerful force at short 
range, is attached to the lower end of the Stanhope 
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Fig. 68.—FROMENT'S EQUALIZER WITH 
STANHOPE LEVER. 


lever. and the arm attached to the knee of the lever 
will deliver a distributed force over quite a different 
range. One way, not of equalizing the actual motion | 
over the range, but of counterbalancing the variable 
attractive force, is to employ a spring instead of grav- 
ity to control the armature. So far back as 1838, Ed- 
ward Davy, in one of his telegraphic patents, describ- 
ed the use of the spring (Fig. 69) to hold back the ar- 
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Fie. 69.—DAVY’S MODE OF CONTROLLING 
ARMATURE BY SPRING. 


mature. Davy preceded Morse in the use of a spring 
to pull back the armature. There is a way of making 
aspring act against an armature more stiffly as the 
pull gets greater. In this method there is a spring 
with various set screws set up against it, and which 
come into action at different ranges, so as to alter the 
stiffness of the spring, making it virtually stiffer as 
the armature approaches the poles. Yet another 
method is to employ, as the famous conjurer, Robert 
Houdin did, a rocking lever. Fig. 70 depicts one of 





Fie. 7..—ROBERT HOUDIN’S EQUALIZER. 


Robert Houdin’s equalizers. The pull of the electro- 
magnet on the armature acts on a curved lever which 





their position. When the armature is far away from 
the pole, the leverage of the first lever on the second 
lever is at. When the armature gets near, the le- 
verage of the first lever on the second is cowparative- 
ly small. This employment of the rocking T Was 
adopted from Houdin by Duboscq, and put into the 
Duboseg are lamp, where the regulating mechanism at 
the bottom of the lamp contains a rocking lever. Here 
upon the lecture table is a Duboseq’s arc lamp. In 
this pattern (Fig. 71), one lever, B, which is curved, 























Fie. 71.—MECHANISM OF DUBOSCQ’S ARC 
LAMP. 


plays against another, A, which is straight. A similar 
mechanism is used for equalizing the action in the 
Serrin are lainp, where one of the springs that holds 
up the jointed parallelogram frame is applied at the 
end of a rocking lever to equalize the pull of the regu- 
lating electromagnet. In this lamp there is also intro- 
duced the principle of oblique approach; for the ar- 
mature of the electromagnet is not allowed to travel 
straight toward the poles of the magnet, but is pulled 
up obliquely past it. 

Another device for equalizing the pull was used by 
Wheatstone in his step by step telegraph in 1840. A hole 
is pierced in the armature, and the end of the core ix 
formed into a projecting cone, which passes through 
the aperture of an armature, thereby securing a were 
equable force and a longer range. The same device has 
reappeared in recent years in the form of electromag- 
net used in the Thomson-Houston are lamp, and in the 
automatic regulator of the same firm. 


POLARIZED MECHANISM—USES OF PERMANENT 
MAGNETS. 


We must now turn our attention to one class of elec- 
tromagnetic mechanism which ought to be carefully 
distinguished from the rest. It is that class in which, 
in addition tothe ordinary electromagnet, a perma- 
nent magnet is employed. Such an arrangement is 
generally referred to asa polarized mechanism. The 
objects for which the permanent magnet is introduced 
into the mechanism appear to bein different cases 
quite different. I am not sure whether this is clearly 
recognized, or whether a clear distinction has ever 
been drawn bet ween three entirely separate purposes in 
the use of a permanent magnet in combination with an 
electromagnet. The first purpose is to secure unidi- 
rectionality of motion; the second, is to increase the ra- 
ey: é of action and of sensitiveness to small currents ; 
the third, to augment the mechanical action of the eur- 
rent. 

(a.) Unidirectionality of Motion.—In an ordinary 
electromagnet it does not ufatter which way the cur- 
rent circulates. No matter whether the pale is north 
or south, the armature is pulled, and on reversing the 
current the armature is also pulled. There is a rather 
curious old experiment which Sturgeon and Henry 
showed, that if you have an electromagnet with a big 
weight hanging on it, and you suddenly reverse the 
current, you reverse the magnetism, but it still holds 
the weight up, it does not drop. It has not time to 
drop before the magnet is charged up again with mag- 
netic lines the other way on. Whichever way the 
magnetism traverses the ordinary soft iron electro- 
magnet, the armature is pulled. But if the armature 
is itself a permanent magnet of steel, it will be pulled 
when the poles are of one sort, and pushed when the 
poles are reversed—that is to say, by employing a 
polarized armature you can secure unidirectionality 
of motion in correspondence with the current. One 
immediate application of this fact for telegraphic 
purposes is that of duplex telegraphy. You can send 
two messages at the same time and in the same direc- 
tion to two different sets of instruments, one set hav- 
ing ordinary electromagnets, with a spring behind the 
armature of soft iron, which will act simply independ- 
ently of the direction of the current, depending only 
on its strength and duration, and another set having 
electromaguets with polarized armatures, which will 
be affected, not by the strength of the current, but by 
the direction of it. Accordingly, two completely differ- 
ent sets of message may be sent through that line in 
the same direction at the same time. 

Another mode of constructing a polarized device is 
to attach the cores of the electromagnet to a steel 
magnet, which imparts to them an initial magnetiza- 
tion. 
Such initially magnetized electromagnets were used 
by Brett in 1848 and by Hjorth in 1850. A patent for 
a similar device was applied for in 1870 by Sir William 
Thomson, and refused by the patent office. In 1871 
8. A. Varley patented an electromagnet having a core 
of steel wires united at their ends. 

Wheatstone used a polarized apparatus consisting of 
an electromagnet acting on a magnetized needle. He 
patented, in fact, in 1845, the use of a needle perman- 
ently magnetized to be attracted one way or the other 
between the poles of an electromagnet. Sturgeon has 
described the very same device in the Annals of EHlec- 
tricity in 1840. loesner claims to have invented the 
— of permanent magnets for mere armatures 
n 1842. 

In using polarized apparatus it is necessary to work, 
not with a simple current that is turned off and on, 
but with reversed currents. Sending a current one 
way will wake the moving part move in one direction. 
Reversing the current makes it go over to the other side. 
The mechanism of that particular kind of electric bell 
that is used with magneto-electric calling apparatus 
furnishes an excellent example of a polarized construc- 








works against a second one ; the point of application 
of force between the one and the other alte with 


tion. 


With these bells no battery is used, but there isa 
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little alternate current dynamo, worked by a crank. 
The alternate currents cause the pivoted armature 
in the bell to oscillate to right med left alternately, 
and so throw the little hammer to and fro between the 
two bells, 

(b.) Rapidity and Sensitiveness of Action.—For re- 
lay work polarized relays are often ewployed, and have 
been for many years. Here on the table is one of the 
post office pattern of standard relay, having a steel 
magnet to give magnetism permanently to a little 
tongue or armature which moves between the poles of 
an electromagnet that does the work of receiving the 
signals. 

In this particular case the tongue of polarized relay 
works bet ween two stops, and the range of motion is 
made very small iu order that the apparatus may re- 
spond to very small currents. At first sight it is not 
very apparent why putting a permanent magnet into 
a thing should wake it any more sensitive. Why 
should permanent magnetism secure rapidty of work- 
ing ? Without knowing anything more, inventors will 
tell you that the presence of a permanent magnet in- 
creases the rapidity with which it will work. You 





wight suppose that permanent wagnetism is some- 
thing to be avoided in the cores of your working elec- 
tromagnets, otherwise the armatures would remain 
stack to the poles when once they had been attracted 
up. Residual magnetism would, indeed, hinder the 
working unless you have so arranged matters that it 
shall be actually helpful to you. Now for many years 
it was supposed that permanent magnetism in the 
electromagnet was anything but a source of help. It 
was supposed to be an unmitigated nuisance, to be got | 
rid of by all available means, until in 1855 Hughes | 
showed us how very advantageous it was to have 
permanent wagnetism in the cores of the electro- 
waunet. 

Here, Fig. 51, is the drawing of Hughes’ magnet to | 
which I referred in Lecture IIl. A ee periua- 
nent magnet of horse-shoe shape is provided with coils 
on its pole pieces, and there is a short armature on the 
top attached toa pivoted lever aud a counteracting | 
spring. 

The function of this arrangement isas follows : That 
spring is so set as to tend to detach the armature, but 
the permanent magnet has just enough magnetism to 
hold the armature on. You can, by screwing up a 
little screw behind the spring, adjust these two con- 
tending forces, so that they are in the nicest possible | 
balance. The armature held on by the magnetism, | 
and the spring just not able to pull it off. If, now, | 
when these two actions are so nearly balanced you | 
send an electric current round the coils, if the electric | 
current goes one way round it just weakens the mag- | 
netism enough for the spring to gain the victory, and | 
up goes the armature. This apparatus then acts by | 
letting the armature off when the balance is upset by 
the electric current, and it is capable of responding to 
extremely small currents. Of course, the armature has 
to be put on again mechanically, and in Hughes’ type- 
writing telegraph instruments it is pat on mechanic- 
aily between each signal and the next following one. 
The arrangement constitutes a distinetive piece of 
electromagnetic mechanism. 

(c.) Angmenting Mechanical Action of Current.— 
The third parpose of a permauent magnet, to secure 
a greater mechanical action of the varying current, is 
closely bound up with the preceding purpose of secur- 
ing sensitiveness of action. It is for this purpose that 
it is used in telephone, receivers. It increases the 
mechanical action of the current, and therefore makes 
the receiver more sensitive. Fora long time this was 
not at all clear to me, indeed | made experiments to 
see how far it was due to any variation in the magnetic 
permeability of iron at different stages of magnetiza- 
tion, for I found that this had something to do with it, 
but I was quite sure it was not all. Prof. George 
Forbes gave me the clew to the true explanation. It 
lies in the law of traction with which you are now 
familiar, that the pull between a magnet and its arm- 
ature is proportional to the square of the number of 
magnetic lines that come into action. If we take N, 
the number of magnetic lines that are acting through 
a given area, then to the square of that the pull will 
be proportional. If we have a certain number of lines, 
N, coming permanently to the armature, the pull is 
proportional to N*. Suppose the magnetism now to 
be altered, say made a little more, and the inere- 
ment be called dN, so that the whole number is now 


N+ 4N 


The pull will now be proportional to the square of 
that quantity. Itis evident that the motion will be 
proportional to the difference between the former pull 
and the latter pull. So we will write out the square 
of N + GN, and the square of N. and take the differ- 
ence. 


Increased pull, proportional to N* + 2N'dN + dN? 
Initial pull, proportional to NN? 











Subtracting, difference is 2N'CN + dN’ 

We may neglect the last term, as it is smal! compar- 
ed with the other. So we have. finally, that the 
change of pull is proportional to 2N dN. The altera- 
tion of pull between the initial magnetism and the | 
initial magnetism with the additional magnetism we 
have given to it, turns out to be proportional, not 
simply to the change of magnetism, but also to the 
— number, N, that goes through it to begin 
with, 

The more powerful the pull to begin with, the 
greater is the change of pull when you produce a small | 
change in the number of magnetic lines. That is why 
you have this greater sensitiveness of action when 
using Hughes electromagnets, and greater mechanical 
effect as the result of applying permanent magnetism 
to the electromagnets of telephone receivers. 


ELECTROMAGNETIC MECHANISM. 


There are some other kinds of electromagnetic 
mechanism to which I must briefly invite your atten- | 
tion, as forming an important part of this great sub-| 
ject. Of one of these the mention of permanent mag- | 
nets reminds me. 


MOVING COIL IN PERMANENT MAGNRTIC FIELD. 


A coil traversed by an electric current experiences 
mechanical forces if it lies in a magnetic field, the 





force being proportional to the intensity of the | of an electromaguet which repelled part of itself 


field. 

Of this principle the mechanism of Sir W. Thom 
son’s siphon recorder ix « well known example. Also 
those galvanoweters which have for their essential 
part a movable coil suspended between the poles of a 
permanent magnet, of which the earliest example is 
that of Robertson (see Encyclopedia Britannica, ed. 
viii., 1855), and of which Maxwell’s suggestion, after- 
ward realized by D’Arsonval, is the most mod- 
erp. Siemens has constructed a relay on a similar 
plan. 

MAGNETIC ADHERENCE. 


There are a few curious pieces of apparatus devised 
for increasing adherence electromaguetically between 
two things. Here is an old device of Nicklés, who 
thought he would make a new kind of rolling gear. 
Whether it was a aap | wheel on a line, or whether 
it was going to be an ordinary wheel gearing, commu- 
nication of motion was to be made from one wheel to 
another, not by cogs or by the mere adherence of ordi- 
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nary friction, but by wagnetic adherence. In Fig. 72 

















Fra. 72.—NICKLE’S MAGNETIC FRICTION 
GEAR. 


there are shown two iron wheels rolling on one another, 
with a sort of electromagnetic jacket around them, 
consisting of an electric current circulating in a coil. 
and causing them to attract one another and stick to- 
gether with magnetic adherence. In Nicklés’ little 
book on the subject there are a great number of de- 
vices of this kind deseribed, including a magnetic brake 
for braking railway wagons, engines, and carriages, ap- 
plying electromagnets either to the wheelsor else to the 
line, to stop the motion whenever desired. The notion 
of using an electromagnetic brake has been revived 
quite recently in a much better form by Professor G. 
Forbes and Mr. Timmis, whose particular form of 
electromaguet, shown in Fig. 78, is peculiarly interest- 





Fie. 73.—FORBES’ ELECTROMAGNET. 


ing, being a better design than any I have ever seen 
for securing powerful magnetic traction fora given 
weight of iron and copper. The magnet is a peculiar 
one ; it is represented here as cut away to show the in- 
ternal construction. There is a sort of horse shoe made 
of one grooved rim, the whole circle of coil being laid 
embedded in the groove. The armature is a ring which 
is attracted down all round, so that you have an ex- 
tremely compact magnetic circuit around the copper 
wire atevery point. The magnet part is attached to 
the frame of the wagon or carriage, and the ring arma- 
ture is attached to the wheel or to its axis. On switch- 
ing on the electric current the rim is powerfully pulled, 
and braked against the polar surface of the electro- 
maguet. 

Forbes’ arrangement appears to be certainly the best 
yet thought of for applying a magnetic brake to the 
wheels of a railway train. 

Another, but quite distinct, piece of mechanism de- 
pending on electromagnetic adherence is the magnetic 
clutch ewployed iu Gilecher’s are lamp. 


REPULSION MKCHANISM 
Then there are a few pieces of mechanism which de- 





Fie. 74.—ELECTROMAGNETIC MECHANISM 
WORKING BY REPULSION. 


nd on repulsion. In 1850 a little device was patented 
y Brown & Williaws, consisting, as shown in Fig. 74, 


The coil is simply wound on a hollow tube, and inside 


the coil is a piece, B, of iron, bent as the segment of , 
|eylinder to fit in, going from one end to the other. 
Another little iron piece, A, also shaped as the segment 


of a tube, is pivoted in the axis of the coil. Whep 
these are waguetized one tends to wove away from the 
other, they being both of the same polarity. Of late 
there have been wany am pere-meters and volt-meters 
made on this plan of producing repulsion between the 
parallel cores. 

Here (Fig. 75) is another device of recent date, due 























Fie. 75.—REPULSION BETWEEN TWO 
PARALLEL CORES. 


to Maikoff and De Kabath. Two cores of iron, not 
quite parallel, pivoted at the bottom, pass up through 
a tubular coil. When both are maguetized, instead of 
attracting cne another, they open out; they tend to 
set themselves along the magnetic lines through that 
tube. The cores being wide open at the bottom, tend 
to open also at the top. 


ELECTROMAGNETIC VIBRATORS. 


Then there is a large class of mechanisms about 
which a whole chapter wight be written, namely, those 
in which vibration is maintained electromagnetically, 
The armature of au electromagnet is caused to ap- 
proach and recede alternately with a vibrating motion, 
the current being automatically cut off and turned on 
again by a self-acting brake. The electromagnetic 
vibrator is one of the cleverest things ever devised. 
The first vibrating electromagnetic mechanism ever 
made was exhibited here in this room in 1824 by its in- 
ventor, an Englishwan named James Marsh. It con- 
sisted of a pendulum vibrating automatically between 
the poles of a permanent magnet. Later, a number of 
ovher vibrating devices were produced by Wagner, 
Neef. Froment and others. Most important of all is 
the mechanism ‘of the common electric trembling bell, 
invented by aman whose very name appears to be 
quite forgotten—John Mirand. How many of the wmil!- 
lions of people who use electric bells know the name of 
the man who invented it? John Mirand, in the year 
1850, put the electric bell practically into the same 
form in which it has been employed from that day to 
this. The vibrating hammer; the familiar push but- 
ton ; the indicator or annunciator, are all of his devis- 
ing. and way be seen depicted in the specification of 
his British patent just as they came from his hand. 

Time alone precludes me from dealing minutely with 
these vibrators, and particularly with the recent work 
of Mereadier and that of Langdon-Davies, whose re- 
searches have put a new aspect on the possibilities of 
harmonic telegraphy. Langdon-Davies’ rate governor 
is the most recent and perfect form of electromagnetic 
vibrator. 


INDICATOR MOVEMENTS. 


Upon thetable here are a number of patterns of 
electric bells, and a number also of the electromechani- 
eal movements or devices employed in electric bell 
work, some of which form adwirable illustrations of 
the various principles that I have been laying down. 
Here is an ioon-clad electromagnet ; here a tripolar 
magnet; here a series of pendulum motions of various 
kinds; here is an example of oblique pull; here is 
Jensen’s indicator, with lateral pull ; here is Moreley’s 
indicator, with a coil and plunger, ironclad ; here is a 
elever device in which a disk is drawn up to better the 
| magnetic cirenit. Here, again, is Thorpe’s semaphore 
|indieator, one of the neatest little pieces of apparatus, 
with a single central core surrounded by a coil, while a 
little strip of iron coming round from behind serves to 
complete the circuit all save a little gap. Over the gap 
stands that which is to be attracted, a flat disk of iron, 
which, when it is attracted, unlatches another disk of 
brass, which forthwith falls down. It is an extremely 
effective, very sensitive, and very inexpensive form of 
annuneiator. The next two are pieces of polarized 
mechanism having a motion directed to one side or the 
other, according to the direction of the current. From 
the back board projects a small straight electromagnet. 
Over it is pivoted a small arched steel magnet, perma- 
nently magnetized, to which is attached a small signal 
lever bearing a red disk. If there is a current flowing 
one way, then the magnet that straddles over the pole 
of the electromagnet will be drawn over in one direc- 
tion. If I now reverse the current, the electromagnet 
attracts the other pole ef the curved magnet. Hence 
this mechanism allows of an electrical replacemeut, 
without compelling the attendant to walk up to the 
indicator board. The polarized apparatus for indica- 
tors has this advantage, that you can have electrical as 
distinguished from mechanical replacement. 


THE STUDY OF ELECTROMAGNETIC MECHANISM. 

The rapid survey of electromagnetic mechanism in 
general has necessarily been very hurried and imper- 
feet. The study of it is just as important to the elec- 
tric engineer as is the study of mechanical mechanism 
to the mechanical engineer. Incomplete as is the pres- 
ent treatment of the subject, it may sufficiently indi- 
cate to other workers useful lines of progress, and so 
fitly be appended to these leetares on the electro- 
magnet. In a very few years we may expect the 
introduction into all large engineering shops of elec- 
trowagnetic tools. Ov a small scale, for driving dental 
applianees, electromagnetic engines have long been 
used. Large machine tools electromagnetieally worke« 
have already begun to make their appearance. Some 
such were shown at the Crystal Palace, in 1881, by Mr. 
Latimer Clark. and more recently, Mr. Rowan, of 
Glasgow, has devised a number of more developed 





forms of electromaguetic tools, 











elf, 
idle 


ler, 
ent 
en 
the 
ate 
ers 
he 


ue 


ot 
h 
of 


at 
dd 





Menruary 14, 1891. 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 789. 


12613 








————_ 
————— 
SUPPRESSION OF SPARKING. 


It now remains for me to speak briefly of the sup- 
pression of sparks. There are some half dozen 
different ways of wyies to get rid of the sparking 
that oceurs in the breaking of an electric circuit 
whenever there are electromagnets in that cireuit. 
Many attempts have been made to try and get rid of 
this evil. For instance, one inventor employs an air 
blast to blow out the spark just at the moment it oc- 
eurs. Another causes the spark to occur under a 
liquid. Another wipes it out with a brush of asbestos 
eloth that comes immediately behind the wire and 
rubs out the spark. Another puts on a condenser to 
try and store up the energy. Another tries to pat on 
a long thin wire or a high resistance of liquid, or some- 
thing of that kind, to provide an alternate path for 
the spark, instead of jumping across the air and burn- 
ing the contacts. There exist some half score, at any 
rate, of that kind of device. But there are devices 
that I have thought it worth while to examine and 
experiment upon, because they depend merely upon 
the mode of construction adopted in the building of 
the electromagnet, and they have each their own 
qualities. I have here five straight electromagnets, all 
wound on bobbins the same size, for which we shall 
use the same iron core and the same current for all. 
They are all made, not only with bobbins of the same 
size, but their coils consist as nearly as possible of the 
same weight of wire. The first one is wound in the 
ordinary way, the second one has a sheath of copper 
wound around the interior of the bobbin before any 
wire is put on. This wasa device, I believe, of the 
late Mr. C. F. Varley, and is also used in the field mag 
nets of Brash dynamos. The function of the copper 
sheath is to allow induced currents to occur, which 
will retard the fall of magnetism, and damp down 


the tendency to spark. The third one is an attempt}. 


to carry out that principle still further. This is due 
to an American of the name of Paine, and has been 
revived of late years by Dr. Aron, of Berlin. After 
winding each layer of the coil, a sheath of metal foil 
is interposed so as to kill the induction from layer to 
layer. The fourth one is the best device hitherto used, 
namely, that of differential winding, having two coils 
co.nected so that the current goes opposite ways. 





When equal currents flow in both cirenits there is no 
magnetism. If you break the circuit of either of the 
two wires, the core at once becomes magnetized. You 
get magnetism on breaking, you destroy magnetism on 
waking the cireuit ; itis just the inverse case to that 
of the ordinary electromagnet. There the spark oc- | 
curs when magnetism disappears, but here, since the 
magnetism disappears when you make the circuit, you 
do not get any spark at make, because the circuit is 
already made. You do not get any at break, because 
at break there is no magnetism. he fifth and last of 
these electromaynets is wound according to a plan de- 
vised by Mr. Langdon-Davies, to which I alluded in 
the middle of this lecture, the bobbin being wound 
with a number of separate coils in paraliel with one 
another, each layer being a separate wire, the separate 
ends of all the layers being finally joined up. In this 
case there are fifteen separate cifenits ; the time con- 
stants of them are different, because, owing to the fact 
that these coils are of different diameters, the coef- 
ficient of self-induction of the outer layers is rather 
less, and their resistance, because of the larger size, 
rather greater than those of the inner layers. The re- 
sult is that instead of the extra current running out 
all at the same time, it runs out at different times for 
these fifteen coils. The total electromotive force of 
self-induction never rises so high, and it is unable to 
jump a large air gap, or give the same bright spark as 
the ordinary electromagnet would give. We will now 
experiment with these coils. The differential winding 
gives absolutely no spark at all, and second in merit 
comes No. 5, with the multiple wire winding. Third 
in merit comes the coil with intervening lavers of foil. 
The fourth is that with copper sheath. Last of all, 
the electromagnet with ordinary winding. 


CONCLUSION, 





Now let me conclude by returning to my starting 
point—the invention of the electromagnet by William | 
Sturgeon. Naturally you would be glad to see the | 
counterfeit presentment of the features of so remarka- | 
ble a man, of one so worthy to be remembered among | 
distinguished electricians and great inventors. Your | 
disappointment cannot be greater than mine when I | 
tell you that all my efforts to procure a portrait of the | 
deceased inventor have been unavailing. Only this I 
have been able to learn as the result of numerous 
Inquiries ; that an oil painting of him existed a few 
years ago in the possession of his only daughter, then 
resident in Manchester, whose address is now, unfortu- 
nately, unknown. But if his face must remain un- 
known to us, we shall none the less proudly concur in 
honoring the memory of one whose presence once 
honore? this hall wherein we are met, and whose work 
has won for him an imperishable name. 


Prof. Thompson, in replying to the vote of thanks, 
stated that if any of those present could assist him in 
discovering what had become of the portrait of William 
Sturgeon, or in gleaning any particulars with regard 
to John Mirand, he should be much indebted to them 
if they would communieate with him. 


THE MIGRATION OF THE SALMON. 


THERE is no one who has not heard the migrations 
of the salmon spoken of. Judging from the agreement 
that exists on this subject among naturalists, the 
question might be regarded as perfectly known. 

No matter what work on natural history we may 
open that speaks of the habits of the salmon, we shall, 
in substance, read therein the following : 

Toward the beginning of spring, the salmon, which 

as passed the winter in the sea, approaches the 
mouths of rivers, and, after stopping there for a cer- 
tain length of time, as if to habituate itself to fresh 
Water, enters the river and ascends it to a greater or 
less distance in order to spawn. 

This phenomenon has been called the ascent of 
the salmon, and it is said that at this epoch the 
male exhibits bright and attractive colors, having 





donned its * wedding attire.” 
This is the epoch, too, at which the flesh of the fish is 


most savory. After the spawning is over, the fish re- 
turn to the sea. They are then exhausted and exhibit 
a dull color, and their flesh is no longer edible. 

Such are the classic ideas adopted by everybody, re- 
produced in all books, perpetuated by the descriptions 
of authors who have seen salmon make their nests, de- 
posit their eggs. ete. 

Such is the oficial history of the reproduction of the 
salmon, upon which in particular is based the law 
that forbids the taking of this fish during the season 
of spawning, that is to say, from the 20th of October 
to the Ist of February. 

Now all this history is absolutely false. Among the 
salmon that ascend a river. we never find reproduc- 
tive individuals, for the good reason that at this epoch 
their genital organs are scarcely developed. The de- 
monstration of this fact is one of the simplest of 
things, and yet it has never occurred to any of the 
naturalists who have occupied themselves with the 


the size of the salmon) are no larger than the head of 
a pin, and are perfectly colorless. 

Bow, in measure as the salmon ascends the river, its 
flesh progressively loses its flavor. This is a fact that 
has long been known, but this loss is also (and no one 
had ever suspected it) the beginning of a metamor- 
| phosis of which the last state is that of becard (fewale 
{salmon). In faet, having reached the end of its 
journey, the fish loses weight, its brilliant colors dis- 
appear, it becomes covered with greenish spots, and, 
eoncurrently with these transformations, the sexual 
products develop, the eggs become larger and progres- 
sively take on a color. The salmon becowes thus 
transformed into a becard, a dull colored being of 
which the leanness is striking, and which is the repro- 
ductive individual In order to effect this metamor- 
phosis, the salmon betake themselves to the deep parts 
of the river. 

They hide in holes in deep water, sheltered from the 
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Fie. 1.—PRINCIPAL PHASES OF DEVELOPMENT OF THE SALMON. 


1. Ovarian egg before the dehiscence of the follicle. 
ning of the concentration of the germ. 
into four parts. 5. Appearance of the embryo. 


3. Appearance of the first sulcus of segmentation. 
6. The blastoderm covers half of the vitellus. 


The micropyle is seen above the cicatriculos, 2. Begin- 


4. Segmentation 
7. The eyes 


and auditory vesicles formed, and the blastoderm on the point of completely covering the vitellus, 


8. Embryo shortly before being hatched. 


salmon to ascertain the condition of the genital 
organs of the animals which they speak of as being 
clad in their *‘ wedding attire.” he history of the re- 
production of the salmon is quite different from what 
it has hitherto heen thought to be, and it is due to the 
researches of Mr. J. Kunstler, a learned zoologist, of 
Bordeaux, who has studied the habits of the salmon of 
the Dordogne, that light has finally been shed upon a 
question which interests the fishing industry to so high 
a degree. 

Let us in the first place briefly describe the evolu- 
tion of the salmon. During the first year of their 
existence, salmon resemble young trout, and are of a 
dull gray color, with fifteen or eighteen blackish bands 
upon the sides. In this state they are designated by 
the English as parrs. At the end of a year, they be- 
come smolts or salmonets, that is to say, the body as- 
sumes a metallic luster upon the back and exhibits 
eight or ten large bright blue spots upon the sides, 
while the belly is of a beautiful pearly white. The 
smolts, like the parrs, live in fresh water, but, in order 
to finish their evolution, they need a sojourn in the sea. 
To this effect. they collect in groups, descend the 
stream and enter the ocean, where they disappear for 
seven or eight weeks. At the end of this time, they 
reappear in the form of grilses or young salmon. The 
difference between these and the smolts is such that 
one would never have supposed that they represented 
two stages of the development of the same fish, had 
not the idea occurred to attach a tag to a certain num- 
ber of individuals. In fact, the smolt is but from five 
to eight inches in length, while upon becoming a grilse, 





Fig. 2.—RECENTLY HATCHED EMBRYO, WITH 
VITELLINE SACK ATTACHED. 


after remaining two months in the ocean, it weighs 
four and a half pounds. 

It is these young salmon and others more aged that, 
starting from a certain epoch, ascend water courses 
for the purpose, it has hitherto been supposed, of 
spawning. ut there is nothing in this. When we 
study the manner in which the ascent is made (at 
least in the Dordogne), we remark that the largest 
salmon ascend first, then come gradually, and always 
in series, swaller and smaller fish. The first ascend 
the river in November or December, and weigh from 
20 to 30 pounds; then in January and February ar- 
rive fish of from 15 to 20 pounds, and so on up to July, 
when the salmon weigh but from 5 to7 pounds. Now 
all these salmon, which came from the sea, have tender 
and savory flesh, and their colors are bright. They 
have donned their ‘wedding attire” in order to 


spawn, say the old authors. 

But such a hypothesis the most elementary dissec- 
tion suffices to refute, since, as Kunstler has shown, 
the eggs at the time of the ascent (and whatever be 


too intense heat of summer, and remain concealed 
there for several months—the period necessary for 
their complete transformation into becards and for 
the maturation of the sexual products. Whatever be 
their size at the time of their migration; all salmon 
thus go to lie in the deep depressions of the river. The 
successive ascents ali proceed in the same manner, and 
the fishermen capture nothing but vewly arrived fish, 
that is to say, those that are swaller and smaller. But 
when we explore the deep water of the river, the result 
is wholly different. 

Thus, Kunstler, in exploring the Dordogne in the 
month of July, a time at which fishing on the whole 
river gave exclusively salinon of but 5 or 8 pounds, made 
the surprising catch of fish of all sizes, but so modified 
in appearance as to have more or less resemblance to 
becards. 

Now, salmon that are unmistakably becards are met 
with in the Dordogne only during the second half of 
October and the first fortnight of November. We may 
therefore conclude from this that the salmon spawns 
from the end of September to the fifteenth of No- 
vember. 

At this epoch, the operation is finished, and it is 
after having deposited their eggs that the becards run 
out to sea again to acquire fresh strength and to as- 
sume again the characters of the salmon properly so 
called. 

In fact, the reproduction of the salmon is biennial, 
and not annual, as we have always supposed and been 
taught. 

The ascending salmon of progressively smaller size 
are fished for from autumn up to the following summer. 

The large salmon reascend in autumn, and pass the 
entire summer in the river, but they are not any 


/soouer in a state to spawn than the smaller fish that 
| have arrived several months after them. 


The youne 
therefore have the innate faculty of more rapidly ac- 





Fie. 3.—YOUNG SALMON AFTER ABSORPTION 
OF THE UMBILICAL VESICLE. 


quiring sexual maturity. The salmon then pass the 
entire summer in the river, concealed in the deep de- 
ressions of its bed, and become transformed therein 
nto reproductive individuals or becards, which are 
no longer edible. After spawning, they proceed to 
the sea again, in order to pass the winter and follow- 
ing summer therein. 

t us now see what are the practical conclusions to 
be drawn from the facts that we have just given. The 
regulation now in foree in France prohibits salmen 
fishing from the 20th of October to the ist of Febru- 
ary, this being for the purpose of protecting the re- 
production of these fish. This regulation was founded 
upon the data furnished by the older waturalists as to 
the time of the salmon’s spawning. 

But, as the habits of these fish are not at all what 
they have hitherto been thought to be, this regulation 
absolutely fails of the object aimed at. A-reform of 
this legislation, based upon the exact knowledge that 
we now possess as to the habits of the fish, is, there- 





fore, absolutely necessary. Fishing ought not to be 
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prohibited starting from the 20th of October, but from 
the ist of Septewber, when the salmon has partially 
undergone its sexual metaworphosis. In return, fish- 
ing should be permitted from the 15th of Novewber, 
the time at which the becards have finished spawning, 
and when the fine salmon are beginning to ascend the 
rivers. Moreover, these limits, indicated by Kunstler 
for the Dordogne, should vary with the climate, tem- 
perature, ete, Unfortunately, in France, we are ac- 
customed to see rational reforms wade so slowly that 
we can scarcely hope to see this state of things change 
for a long time to come. It is the interests of fisher- 
men especially that are injured by this superannuated 
legislation, for the salmon protects its own self ina 
manner, since the reproductive individual (becard) is 
not edibie. Poor fishermen themselves have no use for 
it, and, owing to this fact, fishing is suspended with 
the beginning of Aucust.—Le Naturaliste. 


* ALUMININ.” 
(HYDRATE OF ALUMINA.) 


UNDER this name a writer in the Papier Zeitung de- 
scribes the various wethods of preparing pastes con- 
sisting substantially of hydrate of alumina which are 
used in the preparation of paste colors. The following 
is an abstract of the article : 

The alumina paste may be obtained of a more or 
less white color, depending on the kind of raw mate- 
rial used, by the decomposition of an alumina salt and 
earbonate of soda, ete. The precipitated hydrate of 
alumina thus obtained is employed in the manufacture 
of variegated paper (Buntpapier). It is used for dilut- 
ing colors, such as ultramarine, to the required shade. 
It may also be wixed with wax or glue solutions, like 
ordinary paste colors, and by a judicious admixture of 
aniline (dyes) used as a substitute for paste colors. For 
the preparatiou of paste colors themselves aluminin is 
not indispensable. 

Aluminin @1 is obtained as a white colored product 
by decomposing potash alum with carbonate of soda. 
Thirty-two pounds of potash alum are dissolved in 
about forty gallons of water, and after this alum 
liquor has cooled there is added to it a cold solution of 
soda crystals, containing 30/b dissolved in 20 gallons 
of water. When the soda is added to the alam liquor, 
a copious evolution of carbonic acid takes place, so 
that the mixing should be carried out slowly in order 
to avoid excessive effervescence and probable loss of 
material through the wixture overflowing the sides of 
the vessel. After the liquors are added together, the 
vessel containing them is filled fall with pure cold wa 
ter, and allowed tostand at rest for twenty hours, when 
the precipitation will be complete. The clear liquor is 
now run off in any convenient way, and the vessel 
again filled with fresh water, stirred, and allowed to 
stand till the precipitate deposits. In this way the 
precipitate is washed with three successive quantities 
of pure, clean water, and after the last wash-water has 
been decanted, the remaining white mud is filtered, 
A tolerably tine linen bag hung inside of a cask whose 
bottom is perforated with a few holes answers very 
wellasafilter. The neck of the bag is nailed around 
the rim of the cask. About 60 Ib. of thick a1 alumi- 
nin paste is obtained in this way from the above 
quantity of alum. 

ALUMININ 1.—A similar but more copious precipi- 
tate is obtained if sulphate of alumina be used instead 
of potash alam. As sulphate of alumina contains a 
greater percentage of alumina (Al,O,) than alu (ia 
the proportion of 37°28) the quantity of soda required 
to effect the precipitation is correspondingly greater. 
The method of precipitating the “ aluminin ” is exact- 
ly the same as above described for al aluminin, but 
the yield of paste is greater. Thirty pounds of alam 
give 60 lb. of well filtered precipitate, while 30 Ib. of 








litmus. The prosielinte is then washed by decantation 
with water till all the soluble salts are rewoved, and 
finally filtered. About 100 /b. of thick gelatinous paste 
is obtained from these quantities.—Chem. Tr. Jour. 








THE BLEACHING OF WOOL AND SILK. 


ALL who have been engaged in the bleaching of wool 
or silk by means of sulphur or bisulphite, will have 
met with grave inconveniences in the washing of 
the fiber after the bleaching. The wost important 
drawback is that the bleached fiber always exhibits a 
strong tendency to resume its yellow color sooner or 
later, especially if it be treated with alkalies, ammonia, 
soda, etc. If there 0 to remain any trace of sul- 
phurous acid on the bleached fiber, as is inevitable, 
and mixed tissues should be formed, it will easily be 
observed that the dyed threads lose their color when 
near those bleached by such a process. Professor Lunge 
of the Polytechnic School of Zurich has devised a 
method of meeting these inconveniences. It consists 
in the bleaching of the fiber either with sulphur, bisul- 
phite, or sulphureted hydrogenin the usual way, then 
passing the bleached fiber into a bath of peroxide of 
ee in the following proportions: For 100 kilos. 
of wool or silk—15 kilos. peroxide of hydrogen, 70 kilos. 
common water, and 14¢ kilos. silicate of soda. The 
sulphurous acid contained in excess by the fiber, which 
causes the inconvenience mentioned, is oxidized by 
means of this last bath, and transformed into sulphuric 
acid, which is no longer injurious, and can com- 
pletely removed by simple washing. 
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sulphate of alumina yield 80 Ib. of precipitate. If there | issued during the past year, and many others are in 
were not a great difference in the quality of the pre- process of construction. 


‘cipitates obtained from the above two sources of 
alumina, potash alum would not be used. The preci- 
pitate from alum is absolutely white. That from sul- 
phate of alumina always possesses a grayish yellow 
color, and it is, therefore, not suitable for the prepara- 
tion of those colors which are characterized by abso- 
late purity of shade. 

ALUMININ II is a very cheap but whiter colored 
precipitate than either of the foregoing. It answers 
very well for the preparation of many paste colors of 
ordinary quality, ate also as a cheap additioy for cer- 
tain papers, as, for example,in the manufacture of 
glazed paper. The white precipitate is mixed with a 
corresponding quantity of waa soap, tale and glue, 
and then a suitable anilin color added. Tragacanth 
(guin) may be employed instead of glue, as it prevents 
the color (especially red colors) passing through those 
papers which have not been well sized. 

This precipitate is made as follows: 7 lb. of well 
burnt best white lime are wixed with 14¢ to 2 gallons 
of hot water in a deep cask, and after the lapse of an 
hour or so, 20 gallons of cold water are added, and the 
mixture stirred, The milk of lime is now passed 
through a fine sieve intoa large precipitating vessel, the 
tine particles being washed from the sieve. The wore 
dilute the wilk of lime, the better. To this lime water, 
whieh should be perfectly free from sand and grit, a 
cold solution of 25 lb. sulphate of alumina dissolved in 
20 gallons of water is added, with constant stirring, 
and the precipitating vessel containing the precipitate 
completely filled with cold water. The precipitation 
ie completed after allowing to stand for twenty-four 
hours. The clear water is run off and the precipitate 
repeatedly washed with pure cold water till it is neu 
tral to litwas, The amount of filtered paste obtained 
is about 100 |b. 

ALUMININ III.—If we desire to color papers with weak 
aniline dyes, difficulties are encountered in laying or 
swearing iton the paper. To obviate this the solu 
tion is mixed with a precipitate not unlike cold starch 
paste, which thickens the color solution and increases 
its covering properties without essentially changing 
the shade. 

This precipitate consists of alumina and silica which 
are precipitated together by the mutual decomposition 
of silica of soda and alum; 14 1b. of alum or sulphate 
of alumina (alum yields the whitest product) are dis- 
solved in 20 or 30 gallons of water, and decomposed 
with 25 lb. of silicate of soda previously mixed with 
about 20 gallons of water. In practice the silicate of 
soda is added to the alum solution till it is peutral to 
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